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Section 1

INTRODUCTION

The computer complex at Goddard Space Flight Center at Greenbelt, Mary-
land, has been established to provide reliable, high-speed computation and com-
munications for space explorations directed by the National Aeronautics and

Space Administration (NASA). This complex serves as the coordinating center
for space flight communications.

Particular attention has

Mercury--in designing the
Goddard.

been given the man-in-space program--Project
computing system complex now in operation at

Two IBM 7090 computing systems, the heart of this complex, operate in
parallel during a Project Mercury mission. Outputs fromonly one of these com-
puters is transmitted at any one time to the Mercury Control Center at Cape
Canaveral and to the worldwide tracking sites during a mission; however, the
duplexed operation ensures computational reliability and accuracy.

The Goddard computers accept:

a) C-band and S-band radar data from the tracking sites

b) Telemetry data

c) Outputs from the Burroughs-General Electric (B-GE) complex

d) Outputs from the IP 7090 Impact Predictor computer

After such data has been accepted, the computers perform the calculations

necessary to convert these inputs into the orbital and trajectory parameters used
for monitoring the launch/abort, orbital and re-entry phases of the Mercury
mission.

Outputs from the Goddard computers include:

a) Display data to the Mercury Control Center at Cape Canaveral

b) Acquisition data to the radar tracking sites

c) Special data to the Bermuda Control Center

d) Pertinent information to displays and personnel at Goddard.

1-1
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TABLE 1-1. INPUT DATA TO GODDARD (VIA THE IP 7090)

Type of Information Source

Two-inch lift-off

Booster engine cut-off command

Staging

Tower release from capsule

Tower rockets fired from capsule

Sustainer engine cut-off command

Launch Pad

B-GE

Vehicle Telemetry

Telemetry

Telemetry

B-GE

Posigrades 1, 2 and 3 fired

Capsule separation

Abort command (from ground)

Abort sequence initiated

Retrofire command

Capsule Telemetry

Capsule Telemetry

Mercury Control Center

Capsule Telemetry

Mercury Control Center

Data source displayed at the Mercury Control Center

Elapsed time as read from the capsule clock

Retrofire capsule clock reading

Position and velocity data

GMT of lift-off

Capsule attitude at time of retrofire

Mercury Control Center

Capsule Telemetry

Capsule Telemetry

B-GE/IP-7090

Mercury Control Center

Capsule Telemetry

1-2
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1.1 GODDARD PROCESSING

Goddard input and output processing functions relative to the launch, abort,
orbit and re-entry phases of a Mercury mission are discussed in the following
paragraphs.

i.i.i Launch

The main function of the Goddard computers during the launch phase is to
make the GO, NO-GO recommendation to the Mercury Control Center. Other
functions of Goddard are to transmit to the Control Center predicted impact
points for impending abort situations and provide acquisition to Bermuda. In
the event of an abort, the Goddard computers determine times to fire the retro-
rockets for the capsule to land in one of several designated recovery areas.
When retrorockets are fired, the computers calculate the return trajectory and
the resulting impact point.

Launch Inputs: During the launch phase most of the data entering the God-
dard computers is transmitted from the Mercury Control Center {MCC)via
high-speed lines. This input data to Goddard {sent via the IP 7090 at the MCC)
and the sources at which it originates are presented in Table 1-1. The only

other data which enters the Goddard computers during launch is radar data
from the Bermuda site.

Launch Outputs: Data received at Goddard during the launch phase from
either the B-GE system or the AN/FPS-16 system is processed and sent to
the Mercury Control Center for display on plotboards 1, 2, 3 and 4. Launch
phase displays on plotboards 1, 2, 3 and 4 are discussed below.

a)

b)

c)

Plotboard 1--The flight path angle versus the ratio of inertial velocity

to required velocity (y vs V/Vr) is plotted on an appropriate overlay.

Plotboard 2--This plotboard carries two plots during the launch pe-
riod. On the lower portion oftheboard the capsule altitude (H) versus

the downrange distance from the pad iS) is displayed. On the upper
part of the overlay, the crossrange deviation {Y) versus the down-
range distance from the launch pad is displayed. All quantities are
measured in nautical miles.

Plotboard 3--A variety of parameters is displayed onplotboard 3 dur-
ing launch. However, during this phase these quantities are all fur-
nished to the plotboard directly from the Burroughs special-purpose
computer.

1-3
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d) Plotboard 4--Certain impact point computations made during launch,

and in the event of abort situations,are displayed on this plotboard.

The overlay is a map of the AtlanticOcean area, showing land masses

and recovery areas.

1.1.2 OrbR

The Goddard IBM 7090 computers determine the orbital characteristics and

predict the instantaneous position of the Mercury capsule at any time. Using re-
fined orbital parameters the computers continually update the orbit lifetime. In
addition, the computers provide accurate acquisition data to all tracking sites
during this period.

Orbit Inputs: During orbital flight,radar and timing information is entered
intothe Goddard computers.

a) Radar Data from Sites--During each pass over a radar site, capsule
position information is sent to Goddard every six seconds (+ two
milliseconds). This information is encoded at the site by special
equipment and transmitted to Goddard.

At those sites having both Verlort and the AN/FPS-16 radars, only
the AN/FPS-16 radar is processed. If the data AN/FPS-16 is not

available, Verlort data is processed.

b) Capsule Time Data--A reading of the capsule elapsed time clock and

of the retrofire-time clock istransmittedto Goddardvia teletype sum-

mary after each pass over a tracking station.The message reads: UAt

time (hr min sec) GMT, capsule elapsed time clock read (hr min sec)

and retrofire setting as (hr min sec)."

Orbit Outputs: During the orbital phase, capsule flight data is transmitted
from the radar sites to the Goddard computers, where it is processed and sent

to the Mercury Control Center for display onplotboards 1, 2, 3 and 4. Each quan-
tity is sent at a frequency of five messages per minute and consists of ten bits
for each coordinate. The plot and overlays for the four plotboards during orbit
are:

a) Plotboard 1--The difference between the radius of the capsule from

the center of the earth and the average radius of the earth versus the
inertial velocity (r-R vs V) is displayed on this board.

b) Plotboard 2--During orbital flight, two plots appear on this plotboard.
On the lower part of the plotboard the .altitude of the capsule above an

oblate earth as a function of time (h vs. t) is displayed. On the upper
part of the plotboard the difference between the semimajor axis of the

1-4
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orbit and the average radius of the earth as a function of time {a-R
vs. t} is displayed.

c) Plotboard 3--Two plots are displayed on plotboard 3. On the lower

portion of the board the longitude of perigee as a function of time {)_p

vs. t) is displayed; on the upper portion the eccentricity as a function
of time {e vs. t) is displayed.

d) Plotboard 4--Only two items are displayed on plotboard 4 during orbit.
These items are the present position of the capsule and an impact
point for retrofire in 30 seconds.

1.1.3 Re-Entry

Re-entry begins at the time of manual insertion to the Goddard computers
of retrofiring time and the number of retros fired. Refined impact points are
computed and furnished for the recovery effort. During re-entry, the Goddard
computers continuously furnish the site with acquisition data.

Re-entry Inputs: Since the fact that retrorockets have fired may be noted
by any station {including a telemetry site}, the time of firing of each rocket is

transmitted to Goddard via teletype summary message. These firing times are
sent to the nearest second in GMT; if possible, attitude angles at the moment
of each firing are also sent. This information is manually inserted into the
Goddard computers.

During re-entry, the computers continue to process radar data received
from the sites to refine the predicted impact point and to send new acquisition
data. The format and means of entry into the computer remain the same as those
during the orbital phase.

Re-entry Outputs: During re-entry, outputs from the Goddard computers
consist of acquisition data to the sites and the following data is sent to the Mer-
cury Control Center for display on plotboards 1, 2, 3, and 4.

a} Time of retrofire

b) Latitude and longitude of impact

The plots and overlays for the four plotboards during the re-entry phase
are:

Plotboard 1 is the same as for the orbital phase.

Plotboard 2 is the same as for the orbital phase.

Plotboard 3 is not used during re-entry.

Plotboard 4 is the same as for the orbital phase.

1-5
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1.2 SCOPE OF THE MANUAL

The GoddardComputing andCommunicationsCenter uses many processors
and their subprograms in performing computations during a Project Mercury
mission (see Table 1-2). The main processors are:

input Processors

Launch/Abort Processors

Orbit Processors

Re-entry Processors

Output Processors

These processor programs and their subprograms are discussed in detail
in Sections 2 through 6 of this document. Writeups for the library subroutines
which are used with these processors are presented in the MC 107, External
System Programs.

1-7
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TABLE 1-2. MAIN GODDARD PROCESSORS

Program Launch Orbit Re-entry

10TTIN

10MANI

10HSGB

I0HS09

CC7091

CCGEB1

CCFP16

CCMAIN

CCSTGE

CCSTIP

CCST 16

EOLED1

NOCPNI

DODIFC

R5RARF

AOSTAD

050RMC

OOLSTY

OOLANA

O00RRE

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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INPUT

Section 2

PROCESSORS

During a Mercury mission pertinent information regarding the functioning
of the launch vehicle prior to capsule separation, during orbit, and during re-
entry is continuously sent to and received by the Goddard Computing and Com-
munications Center. This data accepted by Goddard is transmitted from the IP
7090 computer located at the Mercury Control Center, the B-GE complex and
from the worldwide tracking network.

Information concerning the mission must be processed and arranged for
input into the Goddard 7090 computers according to priority. Four main input
processor programs have been written for this purpose:

IOTTIN--Low-Speed Teletype Input

IOMANI--Manual Input

IOHSGB--High-Speed B-GE Input

IOH709--High-Speed IP 7090 Input

These processors and their subprograms are described in this section.

2.1 LOW-SPEED TELETYPE INPUT PROGRAM (IOTTIN)

The IOTTIN program processes capsule position radar data received by
Goddard, via the 16 input teletype lines from the remote radar sites. The flow
chart for the IOTTIN program is shown in Figure 2-1.

2.1.1 Input Requirements

Each time the Mercury capsule passes over a radar site capsule positional
data is sent to the Goddard Computing and Communications Center every six
seconds. Time is specified in Greenwich Mean Time (GMT)in hours, minutes
and seconds. Negative elevation angles of observations below the horizontal plane
appear in complemented form (-10o = 3500, -8 ° = 352o).

Two types of radars are used by the Mercury tracking sites: Verlort and
AN/FPS-16. The Verlort radar has the greater long-range capabilities; the
AN/FPS-16 is more accurate at close range. Every radar site except Eglin Air

2-1
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Field is equippedwith either one or both of these radars. Eglin Air Field has
two radars, an AN/FPS-16 and anAN/MPQ-31 (instead of Verlort). The digital
output from the AN/MPQ-31 is encodedinto the Verlort radar messageformat.
Because the AN/MPQ-31 radar type character is identical to that of the Verlort
radar, IOTTINassumesthat the data it is receiving is from a Verlort radar.

For a site having both types of radars, the normal tracking and data trans-
mission procedure is as follows:

a) The Verlort normally "locks on" the capsule first and readings from
it are selected by a manual switch for transmission over the teletype
line.

b) As the capsule comes into AN/FPS-16 range the switch is turned to
"Select and Transmit the AN/FPS-16 Data;" Verlort continues track-

ing the capsule, meanwhile.

c) When the capsule passes out of AN/FPS-16 rangethe data transmitter
is switched back to transmit the Verlort data until the capsule passes
out of range of the site.

d) Data from both radars is recorded on paper tape at the site.

The 16 input teletype lines to Goddard present teletype characters to the
Data Communications Channel (DCC) at the rate of six characters per second.
The DCC accepts one five-bit character at a time and places it in the low-order
positions of one IBM 7090 word (e.g., teletype bit 1 to 7090 bit 31, teletype bit 5
to 7090 bit 35) according to the subchannel address register of that line and then
increments the subchannel address register by one. When six characters have
been inserted into six consecutive locations of storage in the computer, the DCC
resets the subchannel address register and causes a trap in the program. The
Monitor program then picks up these six five-bit characters each with a leading
zero and packs them into one 36-bit word and stores this word in a ten-word (60
teletype characters) block set aside for this particular line. When this ten-word
block has been filled by Monitor, the particular input subchannel number (1-16)
is placed in the D(AC) and control is given to IOTTIN. Location TMTTIN contains
the BES address of the ten-word block and a tag of 1.

2.1.2 Method

IOTTIN processes the data from the 16 teletype lines in any sequence, but it
must finish processing one 60-character block of data before starting another.
The program maintains a log for each line with respect to.

a) The presence of a station's transmission on that line.

b) If a station is transmitting, its external station number and the par-
ticular radar type last transmitted; if no station is transmitting the
external station number is zero.
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c) Whether or not there were four teletype characters following the radar
message found on the last pass. These four characters are checked
for the end-of-transmission code.

i

The IOTTIN program accepts positional data from both radars at a two-radar
site in any sequence, alternating or otherwise, within one transmission sequence,
i.e., one start-of-transmission code, a series of radar messages, and one end-
of-transmission code. The message format of the raw radar data from remote
sites to Goddard is shown in Figure 2-2. This version of IOTTIN automatically
rejects any subsequent transmission of data from any site and no request is made
for retransmission of data. Once data is received on a particular line, it should
continue on that line to ensure acceptance by IOTTIN. If another station starts

transmission over a line abandoned by a station, transmission is automatically
ended for the station formerly transmitting.

IOTTIN initially scans the ten-word input data block for the beginning of

transmission characters, JJ _<= ,. If this code is found, the program searches the
data following the start code for a radar message. If the start code is not found,
the program scans the entire block for a radar message.

If a radar message is found, the computer words containing the remainder

of the teletype data in the ten-word block are automatically moved to the top of
the block and the decrement of TMTTIN + i for line i is set to the number of

words necessary to fill the block again just prior to exiting from the program.
If no data is found in the ten-word block, the last word of the block is moved to
the first word and the count in the decrement of TMTTIN + i is set to 9.

The criteria used in identifying radar messages are checked in the following
order:

a) The first three characters of the message must be carriage return,
line feed and figure shift (<_=t).

b) The 34th character must be a slash (/).

c) There must be more than one message in the station's transmission,
i.e., more than one radar message must exist between the beginning
of transmission and the end of transmission.

d) Characters 4 through 33 must be numeric.

e) Characters 5 and 6, the station identification code, must be a valid
station code.

f) The radar type character must indicate that the radar is either AN/
FPS-16 or Verlort.
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g) The combination of the external station number and the radar type
must convert to a valid internal station number. This is done to sepa-

rate each radar's observational readings for computation purposes.

h) The internal station's message block must be inthe "data acceptable"
mode, in which the sign of the first word of the block must be minus.

i) The validity character in the message must indicate a valid message.

j) The elevation angle must lie between three and 90 degrees.

k) The internal station message block must not be full. No more than 50
radar messages can be stored in the block.

The end of transmission is recognized by the present version of IOTTIN in

the following ways:

a) The end of transmission code ff ,H_ (blank, figures, H, letters} is rec-

ognized as the four characters immediately following the 34th char-
acter {/) of a radar message.

b) The last message indicator, character 4 inthe radar message, is rec-

ognized as equal to seven.

c) A change in station identification code on aparticular line is also rec-
ognized as the end of transmission of the station which was previously

using the line.

The end of transmission must be recognized so the data may be submitted
to the Edit and Computation programs; otherwise, the data is not processed.

The Monitor program has enabled IOTTIN to maintain an elapsed time check
on radar since the message which initiates transmission of radar data never

sends a recognizable end-of-transmission signal.

If the computer has not received an end-of-transmission signal from a par-

ticular station within eight minutes of the receipt of the first radar message,
Monitor returns to IOTTIN at location IOSTPR, withthat station's internal station

number in location MCISTN. IOTTIN then deletes this internal station number

from its log tables and gives the normal indications to Monitor that this station
has ended transmission (if it was present in the log tables otherwise no indica-

tion is made}. This permits the computations programs to use all the data re-

ceived by the computer.

The Differential Correction programs discards stations from its computa-
tions if the observations in the particular station's message blocks are 72 or
more minutes old.
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When the input program receives data from a radar site whose block is not

initialized, i.e., put in a "data accept" mode, the station message block is checked
to determine whether or not the block can be initialized.

Each block can be initialized to accept data if both the message count in the
block and the pseudo-message count are zero. The pseudo-message count is kept
by a section of the half-second processor, which can delete in effect, a station
from the differential correction table (TMSTMS) by setting the message count in
a block zero and storing the count in a pseudo-message count block (TAVRMB).

If the message count is not zero, the time of minimum approach is checked

to see if it is contained inthe current message count, or was left from a previous
pass. Some blocks may not have a time of minimum approach determined for a
particular pass. When the time of minimum approach is found within the current
message count, it is checked against current machine GMT time to see if 73

minutes have elapsed. If it has, the block is reinitialized by setting the sign of
the first location minus and setting the message count to zero. The 73 minutes
must elapse before a block is reinitialized to allow proper operation in the dif-
ferential correction check of 72 minutes.

If the time of minimum approach has not been determined or it is not in-

cluded in the current message count, the time of the first message in the block
is compared with the current machine GMT for initialization as mentioned above.

After processing a station, a check is made to determine if it is at a co-

located radar site. If it is, the other station message block is checked in the
same manner as above for initialization.

When a station or both stations at a co-located site have been checked, the
first location of block corresponding to the station being processed is placed in
the AC and IOTTIN continues.

At the exit to Monitor, IOTTIN indicates when a radar at a station starts or

ends transmission. When IOTTIN recognizes that any valid station has started
transmission, its corresponding internal station number is placed in the low-
order position of the MQ. Only one internal station can start transmission on a
particular line at any one time. The second internal station can start transmis-
sion on a particular line at any one time after the initial internal station has
started. The second radar at a double radar site has its transmission initiated

by the appearance of its radar message on the line after the first radar has
transmitted at least one message. No start-of-transmission code is sent with the
data from the second radar.

In the case of a double radar site, if both radars are active during a pass,
both end transmission simultaneously where the end of transmission is recog-
nized or by the lapse of 8 minutes. If no data is received from one of the two

radars, its station message block remains in the "data acceptable" mode.
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In the case of a double radar site, also, whenone or two internal stations
endtransmission, the internal station numbers areplacedin the low-order posi-
tions of the D(AC)and/or the A(AC) at the exit of IOTTIN. To ensure no overlap
of the starting and endingof transmission, the transmission of oneradar mes-
sagefrom a station is not processed. This eliminates the possibility of three in-
ternal stations transmitting at once.

If launch occurs so time passes through 2400 hours during the mission,
IOTTIN automatically adds 24 hours to each time entry differing by more than 23
hours from the computer time. The GMT maintained by the computer does not

reset at midnight after launch; it is reset at the radar sites, however.

Simultaneous data transmission over duplexed lines from Guaymas and Ber-

muda to Goddard is not handled by IOTTIN. Also, lines switching {route changes)

and terminal patching (subchannel changes} are not handled by IOTTIN.

Emergency messages which may interrupt the radar messages cause no in-
terference with the acceptance of subsequent radar data when transmission is
resumed. No provision is made at present to indicate the absence of radar data
or errors found in the radar data.

The output of IOTTIN, in additionto indicating the starting or ending of trans-
mission in the AC and MQ, consists of the building up of station message blocks
for each internal station number. Each block is set to contain 203 locations for

50 radar messages and three preface locations. Output block format is shown
below.

Word 1--Internal station identification in the address field is minus (-)

for "data acceptable" mode, and plus (+) for "no data acceptable"
mode. The sign is set by Monitor.

Word 2--Number of radar messages in this block

Word S--Location of the time of minimum approach (set by edit)

4(n-1)4--GMT of observation

4(n-1)5--Range

4(n-1)6--Azimuth

4(n-1)7--Elevation

Radar Messages

1 - 50

The output block for the jth internal station is found through the reference
table TMLSDB. The locations TMLSDB j - 1 contain the location of the first

word in the jth output block.
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Calling Sequence--Entrance to IOTTIN requires the input subchannel
number to be processed to appear inthe decrement of the accumulator.
Exit from IOTTIN leaves any internal station numbers which started
transmission in the MQ, and leaves those which ended transmission in

the accumulator. Accepted radar data is placed in respective station
message blocks.

b) Space Required:

Program 41310

Program Constants 250
Common Storage 4052

c) Constants:

K00000 DEC 0
K00001 DEC 1
K00002 DEC 2
K00003 DEC 3
K00009 DEC 9
K00010 DEC 10

K00019 DEC 19
K00060 DEC 60

d) Common Locations:

MCHFSC--half-second clock
TMTTIN--16-1ocation table
AAS01--AAS16160-location table
TMLSDB--19-1ocation table

TTBCD--teletype-to-BCD conversion table

e) Time Required--six to eight milliseconds (average)

2.1.4 Checkout

The IOTTIN program has been operational in the Mercury Program System
since May, 1960.
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NORMAL
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FIGURE 2- 1. IOTTIH PROGRAM FLOW CHART (Sheet 2 of 14)
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FIGURE 2- 1. 10TTIH PROGRAM FLOW CHART (Sheet 3 o[ ]4)
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FIGURE 2- 1. 10TTIH PROGRAM FLOW CHART (Sheet 4 of 14)
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FIGURE 2- 1. 10TTIN PROGRAM FLOW CHART (Sheet 5 of 14)
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FIGURE 2- 1. IOTTIN PROGRAM FLOW CHART (Sheet 6 of 14)
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FIGURE 2- 1. 10TTIN PROGRAM FLOW CHART (Sheet 7 of 14)
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FIGURE 2- 1. 10TTIN PROGRAM FLOW CHART (Sheet 8 of 14)
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FIGURE 2- 1. 10TTIN PROGRAM FLOW CHART (Sheet 9 of 14)
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FIGURE 2- 1. 10TTIN PROGRAM FLOW CHART (Sheet I] o[ ]4)
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FIGURE 2- 1. 10TTIN PROGRAM FLOW CHART (Sheet ]3 of 14)
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Radar range, azimuth, and elevation data is transmitted by teletype from radar
tracking stations in a 34-character message as follows:

Character

Start of

transmissions,
sent once per
transmission

Individual
data frame

11
12
13
14
15
16

17
18
19
2O
21
22
23
24
25

26
27
28
29
30
31

32
33

34
End of each
transmission

J

J
Letters

Carriage return
Line feed
Letters

Carriage return
Line feed

Figures
Kind of data

Station

Identity
Radar type
Data validity

m i_ Hours-TensHours-Units--
Time Mins-Tens

I Mins-Units

-i -
Secs-Tens
Secs-Units

Azimuth

m _ m

Elevation

m Range I

'Oblique stroke

Blank

F igures
H
k etters

2 = Real radar I 3 = Simulated r 7 -- Last message

See N ote A

0 = FPS-16_ 2 -- Verlor h 3-9-- Other
0 = Invalid, 2 -- Valid

Note A

Station Identification Codes
Station Char. 5 Char. 6

Cape Canaveral 3 1
Grand Bahama Island 4 1
Grand Turk Island 5 1
San Salvador 6 1

Bermuda 0 2

Atlantic Ship 0 3

Grand Canary Island 0 4
Kano, Nigeria 0 5
Zanzibar 0 6

Indian Ocean Ship 0 7
Muchea 0 8
Woomera 0 9
Canton Island 1 1

Kauai, Hawaii 1 2
Point Arguello 1 3
Guaymas, Mexico 1 4
White Sands 1 5

Corpus Christi 1 6
Eglin 1 7
Goddard 1 8

Mercury Control Cen 1 9

Most significant character of azimuth, elevation,
and range is transmitted first.

FIGURE 2-2. RAW RADAR DATA FROM REMOTE RADAR SITES TO GODDARD (TTY),
MESSAGE FORMAT

2-22



MC 105

2.2 MANUAL INSERTION PROGRAM (IOMANI)

The IOMANI program converts paper tape input from teletype code to the

various formats which are required by the applicable processing programs. The
flow chart for the IOMANI program is shown in Figure 2-3.

2.2.1 Input Requirements

Only the following 20 legal characters are acceptedby IOMANI. The appear-

ance of any other character causes a rejection of the message if IOMANI is un-

able to ignore it.

a) FIGURE SHIFT (¢)

b) LETTER SHIFT (_)

c) SLASH (/)

d) PERIOD (.)

e) LETTER A (A)

f) LETTER B (B)

g) LETTER I (I)

h) LETTER O (O)

i) LETTER R (R)

j) LETTER T (T)

k) TEN DIGITS

Every message must be preceded by a beginning of message indicationcon-

sisting of at least 6 consecutive figure shifts.An end of message must be indi-

cated by at least 15 consecutive lettershifts.In addition,the beginning of a mes-

sage indicator should be followed by a slash as should every item in the body of

the message itself.IOMANI can ignore certain illegalcharacters, and also cer-
tain violations of the above format. Adherence to the format, however, is recom-

mended as this decreases the chances of IOMANI rejecting a message.

At the present time there are only fivetypes of input messages which are
acceptable to IOMANI. Their individualformats are discussed later.

Each time Monitor enters IOMANI the following information must be con-
tained in the accumulator:
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A(AC) The first location of the block where the paper tape input charac-
ters have been stored {6 bits character}.

D(AC) The number of words of information in the above mentioned input
block (6 characters word}.

2.2.2 Output Requirements

When a complete message is received IOMANI converts each item to a spe-
cific format and stores it in the proper location. In the cases of messages 5 and
7 this action takes place after the message has been inserted 3 times consecu-
tively. When this is completed, IOMANI returns to a certain Monitor location

which is dependent on which message was successfully processed. Pertinent in-
formation concerning each of the five types of messages is shown in Table 2-1.

Before IOMANI processes an incoming message, the program demands that
it have a complete messagetoworkwith. Until the complete message is received,
IOMANI returns to location MFMANI with a positive accumulator. This same re-
turn with a negative accumulator indicates that IOMANI has rejected the mes-
sage and that it should be inserted again. In the case of a rejection of message 5
or 7, the insertion process must start again from the beginning. That is, mes-
sage 5 must be inserted 3 times followed by message 7 three times.

The following is a list of the various situations which will cause a message
to be rejected by IOMANI:

IOMANI will reject if:

a) Eleven words, none of which consists entirely of figure shifts, have
been inserted and an end of message indication is not found. {Eleven
is large enough to accommodate the longest message at this time.)

b) There isn't a 2 out of 3 agreement between the 3 characters making
up the message code. The first character of the message code is as-

sumed to be the first none figure shift or slash following the beginning
of message indication.

c) The message code isn't 2, 3, 4, 5, 7, or 8.

d} The program fails to find sufficient information for successful proc-
essing after receiving the end of message indicator.

e} The word ABORT or ORBIT is not found at least once in messages 2
and 3 respectively.

f) The times in messages 4, 5, 7, and 8 are not found duplicated from the
three times ferreted out of the message {in the cases of messages 5
and 7, from the three insertions}.

2-24



MC 105

TABLE 2-1. 10MANI INPUT MESSAGES FORMAT

I

T
I
M
E

A
B
O
R
T

SW

O
R
B
I
T

SW

G
M
T
L
O

R

V
E
C
T
0
R

V

V
E
C
T
0
R

R
E
T
R
0
F
I
R
E

NOTE:

Format, Action Taken, Monitor Return

/222/_ ABORT ¢/¢ ABORT _/_ ABORT t /

Will or A "2" into location MCMAOS

MFMAOS
i i

/333/_ ORBITt/_ ORBIT_/_ ORBITt /

Will or A "1" into location MCMAOS

MFMAOS

/444/hh mm ss/hh mm ss/hh mm ss/

GMTLO into MCGTLO - Fx. Pt. secs B35

MFMAN1

/555/hh mm ss/X/Y/Z/

Time into TIOTRV, X into TIOTRV+I, etc.

MFMAN5 (non zero AC)

//777/hh mm ss/X/Y/Z/
l

)( into TIOTRV+4, _' into TIOTRV+5, etc.

MFMAN5 (zero AC)
i

/888/NNN/hh mm ss/hh mm ss/hh mm ss/

N into MCREEN - Fx. Pt. B35

Time of RF intoMCTOFS -Fx. Pt. secs B35

MFMAN2 or MFMAN4

Notes

10MANI scans left to right one character

at a time in bytes of 5. Accepts

message if "abort" is found once.

Same as above except the word "orbit"
is searched for.

t = Figure Shift = Letter Shift

10Ml_ll looks for a duplication of time

(2 out of 3), compared in groups of six
characters.

hh mm ss = hours, mins, secs

10MANI looks for duplications on the 3

inserted messages. Time is stored in

Fx.Pt. secs B35 during re-entry and

Fx.Pt.mins B35 during orbit.

X, Y, Z, )_, _', and Z stand for signed

12 character floating point octal
numbers.

N is the number of retros fired. 10/VL_NI

looks for a 2 out of 3 agreement. If

N -- O, return is to MFMAN4.

Each of the above formats must be preceded by at least 6 figure shifts and followed by at

least 15 letter shifts.
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g) The GMTLO of message 4 and the time of retro fire in message 8 is
duplicated, but contains a non-numeric character.

h) There isn't a duplication of the number of retros fired in message 8.

i) There isn't a 2 out of 3 agreement for each item on message 5. The
comparisons are made after the message has been inserted 3 times.
Similarly for message 7.

j) Message 7 is inserted three times before an immediately preceding
successful insertion of message 5 (3 times).

k) The time associated with message 5 isn't exactlythe same as that as-
sociated with message 7.

2.2.3 Usage

Transfer Information

When the correct number of words have been read in, transfer should be
made to IOMANI. If the input message does not contain an entire message, 10MANI
will recognize the fact and will transfer to MFMANI with the number of words to
collect before transferring back. This number will be placed in the accumulator,
fixed point B17.

Space Required:

Working Storage 7

Instructions 246

Constants 18

Erasable Storage 45

Subroutines (Internal) 78

Tables 85

Total 479

Testing

IOMANI was tested by feeding it 107 different messages (both good and bad)
by means of a debug program. The 107 messages were of every type conceivable

designed to cause the execution of every instruction at least once under the var-
ious conditions possible.
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Flow Chart Symbols

"T o'' is the firstwordoftheblockholding the input from monitor to IOMANI.

"N _' is the first word of the block into which IOMANI transfers the input.0
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D(AC)= NUMBER OF
INPUT
WORDS

A(AC) = LOCATION
OF FIRST
INPUT WORD

LD1 = 0 INITIALLY
LD3 = 0 INITIALLY

J = I INITIALLY

:/0

+
SET

k = 36
LD3 = 0

I

,,(

I

XTD
--_ BBB

X = LAST 2 CHARACTERS
OF X + CHARACTER

-_-'_ OF WORD Ti - 1

1
I Ik =k-6

t
SET

A 1 = A2 = D(AC)
TO A (AC)
i =1 j=J

t
----_o_-,-E+..,-,._D,
I

TEST LD3 )

t =0 AAA

SET k = 24 J

t
SET

X = CHARACTERS

1,2,3 OF WORD Ti- I

C

>C,

SET
i=i+l

k = 36

I

X : tit _ _'-

t_

k : 6 ,._

( i : A1

SET IJ LDI @ 0

t

IORDERCHARACTERSIt
I OFWORDTI-I I t,
J TO FIGURE SHIFTS |

__

)

IALL ERRORS]

RETURN HER_
#

I
i

SET [
D = X
LD3 _ 0 ERR

, is+lSET L_ S(AC) = -

AC = 5 'l ti=' O
RESTORE h = 0

ALL XRS LD5 = 0

FIGURE 2-3. 10MANI PROGRAM FLOW CHART (Sheet 1 o[6)
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SET
i=i+l

_ CCC

i-1 : 1"'1'1'1'I'

MOVE

Ti.1 -_Wj. 1

i

t

w_._____J___'1
_x::: ,)_

I W = SIZE OFBLOCK W

I SETj=,j+ I

_ i : A2 )

SET
LD1 =0

J=|SET i

$

EEE

s,:'r ILD1 = LD2 = 0

J= 1, N=j

FFF _-:

J SET Jk=6

I 1[X = CHARACTER 42-k
6

OF WORD WN.J

X : 1'

X:/

DDD

HHH

GGG

k : 1

SET
k=K-1

SET
i=2

C2= X

j : 1
<

FIGURE 2-3. 10MANI PROGRAM FLOW CHART (Sheet 2 of 6)

J SETj=i-1

> t
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i
k = 6

t

i

j=j-1

-(

Q_
F

k : 1

III

X : C 1

>( X : 9

TO MESSAGE CODE L

k= k- 1

SET

X = CHARACTER 7-k

OF WORD WN. j

_[ SET

_l X= C 1

i : 1

X : C 2

IJJ

J CONVERT JX TO BCD

i I
i

=o( yoTEST LD2

SET
i = i - 1

CI= X

/J

s
f

TAB1 ERR
+1 ERR
+2 MC2
+3 MC3
+4 MC4
+5 MC5

r

I J +6 ERR
,, +7 MC5

x s +8 MC8
x " +9 ERR

111 _r TRA*TO "_ 888 _l

666 _TABI+ CODE I -I SET

MC8

FIGURE 2-3. 10MANI PROGRAM FLOW CHART (Sheet 3 of 6)
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I

SET
i= 0
X= 2

MC2

SET
D= X

t •

SET

x = WN_j
k = 1

MC3

i = 1

X=4

I

I SETCODE = 0

! IX = LAST 5

CHARACTERS OF X

_-"oR,_,T"II
I_'_o"_°_"1/

( )<k : 1

I sE,Ik=k-1

I

l KKK

SET
X = LAST 5 CHARACTERS

OF X + CHARACTER

7-k OF WORD WN
_ j

FIGURE 2- 3.

MCMAOS
= D

j : 1

1>
SET

j=j-1
k= 6

TAB2MFMAN4
+IERR
+2MFMAOS
+3MFMAOS
+4 MFMANI
+5MFMAN5
+6 ERR

+7MFMAN5
+8 MFMAN2
+9ERR

10MANI PROGRAM

MC 105

IND GMTLO (X

CONVERT X TO X}....i

FIXED PT / I

r , SECS. B35 . ,,/ J

X : 3
J(

Y = X

13TME

FIND TIME OF
RETRO FIRE (X)

CONVERT X
TO FIXED PT

SECS B35

TEST SW6

SET
X = X + GMTLO

SET

MCTOFS = X

MCREEN = Y

•

-t

RESTORE ALL XRS.PUT MQ -* AC

--@
FLOW CHART (Sheet 4 o[ 6)

SET !MCGTLO = X

END

LOS = 0

Hs T 1h=0
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SET 6_AC =
SET

h= i

C

SET

RT --- TIME R
k= 1

I

(5)

LL2

CONVERT OTHER 6 WORDS
OF SET FROM BCD

TO OCTAL & STORE
IN BLOCK TIOTRV

SET
LDS = MQ

=k

(_ MC5

LD4¢ 0

t

ET 7 TTY_
\WORDS OF T/

\.& R (OR V)/

t

SET I
i = h

i= i + 1

ti : 2 )

t> LLI

DO AT LEAST 2 OUT OF 3
CORRESPONDING VALUES IN EACH

INPUT SET AGREE?

t YES

J CONVERT J
ON E GOOD

SET TO BCD

t
<

I
CODE 6

C,,
TIME ON "R TAPE"

(TIMER) MUST BE

THE SAME AS

TIME ON "V TAPE"

( TIME V)

YES

SET TIME
= FIXED PT

MINS B35

t #

/

I

I

NO

(7)

LL5

TEST LD5

RT TIMEV

13FPS

CONVERT
TIME

IS THIS ORBIT?

TIME -* TIOTRV

i
J SETk = 0

"ONE INPUT SET"
IS 7 WORDS

TIMER !OR TIMEV)
X(OR X) 1ST PRT
X (OR X) 2ND PRT

Z (OR ;_) 2N_ PRT

NO

FIGURE 2- 3. 10MANI PROGRAM FLOW CHART (_heet 5 o[ 6)

SET TIME ]
= FIXED PT

SECS B35
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[

TSX 13TME, 1

SAVE
XR1 (i)

, ) ,
k = 6*k
i = 7

t
J : 1 3

SET ]j :j-1
: 1'

TAA

SET
k

X= CHARACTER 7 -T

OF WORD WN-j

f

I ,E, 11X = X + LASTk/6- 1

CHARACTERS OF WORD WN -i

t SET

<C j : 1 _ j=j-1

SET
i = i--3

C1= X

I SET
X = X + FIRST6-k/6

CHARACTERS OF WORD WN

X: C 1

i: 1

TEN

RESTORE iJ

-CONVERT
X TO BCD

FIGURE 2- 3.

TEST LD4

TBB = 0

i : 5

SET
i -- i--1

C 2 = X

TSX 13FPS, 1

NOf AREALL'BCD"_
_HAR'TERS NUMERICJ

YES
i ,

CONVERT BCD HOURS &
MINUTES TO BINARY MINUTES

SET A(13TMP) = MINUTES

)

I CONVERT BCD 1SECONDS TO BINARY

i i

I CONVERT THE IMINUTES TO SECONDS

SET [
AC = SECONDS

FIX PT. B3S

I
I

'_ SAVE j J

t
ISETI; j=h

t
PUT X IN 7-iTH

WORD OF

BLOCK 13PSi + 1

j. I RESTOREiJ

10MANI PROGRAM FLOW CHART (Sheet 6 of 6)
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2.3 B-GE HIGH-SPEED INPUT PROGRAM (IOHSGB)

IOHSGB processes B-GE computed data and associatedtelemetry summaries
transmitted to Goddard from Cape Canaveral duringthe launch phase of all Mer-

cury missions. The flow chart for IOHSGB is shown in Figure 2-4.

2.3.1 Input Requirements

Input to IOHSGB is stored in the Monitor communications cell, MCHST1, and
in the 48-word data table, TMHSL1, each word of which contains an eight-bit en-

try right justified. On each entry to the program,

a) the 48 words of the data table contain a 24 word first or second sub-
frame and its duplicate (the format of each of these subframes is spec-

ified in the message format shown in Figure 2-5).

b) the cell MCHST1 contains, in bits 0 through 26, the integral number of
half second increments which have elapsed since midnight (GMT) pre-

ceding launch and, in bits 27 through 35, the integral number of 8-1/3
milliseconds increments which have elapsed since the last one-half

second.

2.3.2 Output Requirements

The type and form of output from the program are shown below.

a) TMHIDB: Seven entry computed data table with entries as follows.

1} Time from two-inch lift-off in floating point seconds

2) Inertial position IX)

3} Inertial position {Y)

4} Inertial position IZ)

5) Inertial velocity {X)

6) Inertial velocity {Y}

7) Inertial velocity {Z}

Entries 2 through 7 above are stored in floating point B-GE units.

b) TMHITM" Four entry discrete data table with entries as follows.

1) Time from two-inch lift-off in floating seconds
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2) B-GE discrete signal word with the following format:

Bits 0-27 are not used and are set to zero

Bit 28--GO NO-GO recommendation

Bit 29--61 data flag

Bit 30--62 data flag

Bit 31--63 data flag

Bit 32--y n data flag

Bit 33--two-inch lift-off signal

Bit 34--booster engine cut-off (BECO)

Bit 35--sustainer engine cut-off (SECO)

3) GMT computed time tag of the telemetry data in floating point
seconds.

4) Telemetry discrete signal word with the following format:

Bits 0-22 are not used and are set to zero

Bit 23--two-inch lift-off

Bit 24--escape tower released

Bit 25--tower escape rockets fired

Bit 26--capsule released from sustainer

Bit 27--one of three posigrades fired

Bit 28--two of the three posigrades fired

Bit 29--three of three posigrades fired

Bit 30--abort sequence initiated

Bit 31--retrorocket 1 fired

Bit 32--retrorockets 1 and 2 fired

Bit 33--retrorockets 1, 2, and 3 fired
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Bit 34--abort phase started

Bit 35--orbit phase started

A one in any of the discrete signal positions of entries 2 and 4,
above, indicates that the event has occurred; a one in any of the data

quality flag positions indicates an acceptable data condition.

c) TMHSIT: Three entry telemetry time data table with the following
entries:

Capsule elapsed time

Retrofire mechanism setting

Elapsed GMT time tag of telemetry data transmission

Each of these entries is stored in fixed point integer format, minutes
in the address and seconds in the decrement of the respective words.

d) MCCOMI: Computed data validity indicator. A one in this cell indi-
cates the rejection of the processed computed data and retention of

the previous contents of TMHIDB.

e) MCTELI: Telemetry data validity indicator. A one in this cell indi-
cates rejection of the telemetry data and retention of the previous con-
tents of TMHITM, THMHSIT, MCSGEB, and MCS709.

f) MCSGEB: B-GE selected source indicator. A one inthiscell indicates
B-GE as the selected source for the main launch computations.

g) MCS709: IP 7090 selected source indicator. A one in this cell indi-
cates IP 7090 as the selected sourceforthe main launch computations.

2.3.3 Method

A data frame consisting of 384 (8 x 48) binary bits is transmitted at a rate
of 1000 bits/sec over a duplexed line from the B-GE buffer and is received as a
sequence of two 192 bit (8 x 24) subframes. Each subframe and its image are

stored by Monitor in the 48-word table, TMHSL1, and control is transferred to
IOHSGB.

The generation of a complete set of output data as specified in 2.3.2 above,
requires the reception of a complete high speed data message, i.e., a first and
second subframe in sequence, and, hence, a minimum of two entries to the pro-

gram IOHSGB. The processing of such a message consists of three phases:

Subfr ame Identification
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Telemetry Data Processing

Computed Data Processing

A discussion of each of these phases follows:

Subframe Identification: Upon each entry to the program IOHSGB, the given
subframe, words 1 through 24 of the datatable TMHSL1, is first examined to in-
sure that it is not "solid," i.e., that not all twenty-four entries of the subframe
are identical. If the subframe is not solid, the subframe ID word, word 24 of the
data table, is examined to determine its validity. If the subframe fails to meet

either of these criteria, the same tests are performed on the subframe image,
words 25 through 48 of TMHSL1. Control is returned to Monitor by way of the
"missing data" exit if the image also fails to satisfy either of these require-

ments. However, processed according tothe IDofthe entries first satisfying both
of these standards.

If the subframes are first frames, the telemetry data of the message is proc-
essed, the computed data entries of TMHSL1 are transferred to temporary stor-
age, and a second subframe indicator is set to 1. Control is then returned to Mon-
itor by way of a "missing data" exit.

If the received subframes are second subframes, and if the second subframe

indicator is set to 1, the 48 entries of TMHSL1 are transferred to the remaining
48 words of the temporary storage block, the second subframe is reset to zero,
and the computed data of the message is processed.

A second subframe received with the second subframe indicator is set to

zero is rejected without processing. In this case, the indicator MCTEL1 is set

to 1, and control is returned to Monitor by way of the "missing data" exit.

Telemetry Data Processing: When a first subframe is recognized, teleme-
try data is p r oc e s s e d in the following manner. The set of three seven-bit-
repeated-signal-sequences is first examined to insure:

a) That not all of the seven bits of the sequence are zero;

b} That not both the abort and orbit bits are set to one;

c} That all three of the seven bit sequences are identical.

If each of the above conditions is satisfied, the repeated signals are stored,
and the GMT time tag of this telemetry data is computed and stored. If any one
of these conditions is not satisfied, the telemetry data of the subframe image is
similarly tested. Failure of the image data to satisfy the criteria causes the re-
jection of the telemetry data, the setting of the cell MCTEL1 to one, and the re-
tention of the previous contents of TMHITM, TMHSIT, MCS709 and MCSGEB.
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The nonrepeatedsignals of the telemetry dataentries satisfying the repeated
signal criteria are processed in the following manner. Parity of this telemetry
data is determined and compared with the transmitted parity bit. Parity disa-
greement causes a return to Monitor without further processing, whereas parity
agreement causes the storing of the posigrade and retrograde rocket signals,
the setting of the selected source indicators, MCSGEBand MCS709andthe gen-
eration of the table TMHSIT.

Uponcompletion of the telemetry processing, control is returned to Monitor
by direct transfer to MFML6A.

Computed Data Processing: Upon receipt of a first and second subframe
in sequence, the computed data entries of the message are processed. The
checksum of the message and, if necessary, of the image, are successively com-

puted and compared with the transmitted checksums. The data contained in that
block which first produces checksum agreement is then processed to produce the
output table TMHIDB and the locations TMHITM, THMHIT- 1, and the cell
MCCOMI is set to zero. Failure to find a valid checksum causes the rejection of
the computed data and the settingto one of the indicator MCCOMI. In either case,
control is returned to Monitor by transfer to MFHSGB.

2.3.4 Usage

a) Space Required:

The program IOHSGB requires 525 core storage locations. The input
and output data storage locations are not included in this figure and
requires an additional 55 core locations.

b) Constants:

K00000 DEC 0
K00001 DEC 1
K00003 DEC 3
K00060 DEC 60
KCH200 OCT 200 000 000 000
KCH201 OCT 201 000 000 000
KCH211 OCT 211 000 000 000

c) Special Usage:

IOHSGB must be entered at least twice in order to generate the output
data as specified in paragraph 2.3.2. Computed data output is generated
only after receipt of a cpmplere message, i.e., a first and second
subframe in sequence, whereas telemetry data output is generated
each time a first subframe is received. Control is returned to Monitor

by a direct transfer to MFHSGB onlywhen a first and second subframe
have been received in sequence. In all other cases, return is made to
MFML6A.
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d) Time Required--approximately 10 milliseconds.

e) Checkout--The program has been operational in the Mercury Program
System since October of 1960.
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I

C
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I
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t_

_ SLBI J

if

1 * SLBI L,_
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1

I D 4(8 )
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I STORE
SECOND

SUBFRAMES
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.S.DW.._*j:*j_, =_
1YES _ t _

_e_ STORE FIRST USUBFR_ES

I

STORE
MACHINE SLBI :
TIME TAG

dJ
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/ PROCESSH,OH_
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I CONVERT

MACHINE

TIME TAG

HGPCD i

BUFFER CD /
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KEY:

Wi = Wj TM WORD OF INPUT BUFFER TMHSL1

LOW BUFFER: WORDS 1 THROUGH 24OF

INPUT BUFFER TMHSL1

HtGH BUFFER : WORDS 25 THROUGH 48 OF

INPUT BUFFER TMHSL 1

SLBI: SOLID LOW BUFFER INDICATOR

CDI : COMPUTED DATA INDIC_ATOR

TMh TELEMETRY INDICATOR

FI : FRAME SEQUENCE INDICATOR

FIGURE 2- 4. 10HSGBPROGRAM FLOW CHART ($l_eet 1 of 3).

) 2-,11



Mc los

I
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PACK REPEATED JSIGNALS
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IS FIRST SET OF _Y=ES/"__ I
R SIGNALS = 0?
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DATA
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COMPUTE PARITY ']

C
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t
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FIGURE 2-4. 10HSGBPROGRAM FLOW CHART (Sheet 2 0[3)
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PACK COMP.
DATA BUFFER

ENTRIES

HGPCD

BUFFER TIME ENTRY : 0_

COMPUTE CHK
SUM OF COMPUTED

DATA BUFFER

I
_, TRANSMITTED CHK SUM

l
SCALE, FLOAT & STORE

X, Y, Z, )(, _', _'AND
TRANSMITTED TIME TAG

FIGURE 2- 4.

J FORM AND STORE

B/GE DISCRETE WORD
AND TRANSMITTED
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2-44

8-Bit Word

1 1

2 9

3 17

4 25

5 33

6 41

7

8

9

10

11 1

12 9

13 17

14 1

15 9

16 17

17 1

18 9

19 17

2O 1

21 9

22 17

23

24

Transfers from Data Receiver

First Subframe

Telemetry 8

Telemetry 16

Telemetry 24

Telemetry 32

Telemetry 40

Telemetry 48

49 Telemetry 56

57 Telemetry 64

65 Telemetry 72

1 Discrete Word 8

G 8

G 16

G 24

H 8

H 16

H 24

J 8

J 16

J 24

K 8

K 16

K 24

1 1 1 1 1 1 1 1

0 0 0 11 ID* 5
I

8-Bit Word Transfers from Data Receiver

Second Subframe

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1 L 8

9 L 16

17 L 24

1 M 8

9 M 16

17 M 24

1 N 8

9 N 16

17 N 24

1 Checksum 8

9 Checksum 16

17 Checksum 24

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

0 0 0 I 1 ID* 5
I

The above constitutes a complete message frame and is transmitted with an interval

of 500 -+ 100 milliseconds between the start of one message and the start of the next message.

Each subframe consists of 192 serial bits preceded by a sync signal. The quantities repre-

sented by G, H, J, K, L, M, and N are restricted information and are specified in other docu-
ments.

* See Note 1 for makeup of ID word.

See Note 2 for format of bits 1 to 72 of first subframe in absence telemetry data and Note 3

for format in absence of quantities G, H, J, K, L, M, and N.

See table 2-15 for format of telemetry data.

FIGURE 2-5. BURROUGHS-GE DATA, CAPE CANAVERAL TO GODDARD,
MESSAGE FORMAT (SHEET 1 OF 2)
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NOTES

1. The 5-bit identity (ID) word is each subframe conveys the following information:

Date from Burroughs-GE High-Speed Buffer and Retransmitter.

Bit 1: Always a 0.

Bit 2: A 1 signifies second subframe.

Bit 3: A 1 signifies first subframe.

Bit 4: Always a 0.

Bit 5: Always a 0.

2. In the event that no data is received from the telemetry event transmitting buffer, the high-

speed buffer and retransmitters are arranged to transmit 0_s in the bit positions occupied

by telemetry event data bits 1 through 40 and 43 through 72. Ones are transmitted in posi-

tions 41 and 42, resulting in erroneous parity for the telemetry event data message.

3. In the absence of data quantities G, H, J, K, L, M, and N, the complete message frame is

transmitted every 650 milliseconds. Telemetry data continues to be transmitted. Zeros

with l's interspersed in certain positions are transmitted in place of the missing data

quantities. The following bits appear as l*s in this event:

Subframe 8-Bit Word No. Quantity Bit Within Quantity

1 13 G 24

1 16 H 24

1 19 J 24
1 22 K 24

2 3 L 24
2 6 M 24

2 9 N 24

2 10 Checksum 1

FIGURE 2-5. BURROUGHS-GE DATA CAPE CANAVERAL TO GODDARD,
MESSAGE FORMAT (SHEET 2 OF 2)
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2.4 IP 7090 HIGH-SPEED INPUT PROGRAM (IOHS09)

IOHS09 processes all IP 7090 computed data, unprocessed AN/FPS-16 radar
observations, and telemetry data transmitted from the IP 7090 buffer over du-

plexed high-speed lines during the launch phase of every Mercury mission. The
type of data being transmitted, i.e., either computed data or radar obserVations--
is manually selected at the 7090 buffer and is indicated by a coded identification
in each transmission. This data selection affects the format of the telemetry data
transmitted but not the data content. The flow chart of IOHS09 is shown in Fig-
ure 2-6.

2.4.1 Input Requirements

Input to 10HS09 is stored in the Monitor communication cell, MCHST2, and in
the 48-word data table, TMHSL2.

a) The 48-entry table TMHSL2 contains a 24-word first or second sub-
frame and its duplicate. Each entryofthetable contains eight data bits
right justified. (Subframe format is shown in Figure 2-7.)

b) The cell MCHST2 contains, in bits 0 through 26, the integral number
of half second increments which have elapsed since midnight (GMT)

preceding launch and, in bits 27 through 35, the integral number of 8-
1/3 milliseconds increments which have elapsed since the last 1/2

second.

2.4.2 Output Requirements

Data selection at the IP 7090 buffer determines which of the outputs listed

below are generated by IOHS09, the processing of computed and radar data being

mutually exclusive on any entry. The processing of telemetry data, however, is
independent of this data selection, and the same output quantities are computed
from all telemetry data. A description of each of the output tables and indicators
follows:

a) TMH2DB--location computed data table with entries:

1) time from two-inchlift-off in floating point seconds

2) Inertial Position (X)-_
!

3) Inertial Position (Y)/
!

4) Inertial Position (Z) [x

5) Inertial Velocity (2)|
!

6) Inertial Velocity {Y)|
l

7) Inertial Velocity {Z)_.]

These values are

stored in floating
point IP 7090 units.
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b) TMHRAE--361-1ocationtable of radar observations with entries:

1)

2)

3)

4)

5)"

6) R.
1

7) A i

8) E.
1

where Ri,

tries, respectively, of the ith

Ti--Elapsed GMT time tag of R 1, A 1, and E 1 in .1 second increments

Rl--slant range in fixed point feet, B35

A1--Azimuth in fixed point radians, B14

El--Elevation in fixed point radians, B14

A i and E i represents the range, azimuth, and elevation en-

radar observation, i = 1, 2 .... 120.

c) TMHEDP--7-1ocation table of edit parameters. The first entry of this
table contains that location of TMHRAE containing the range entry of
the last observation inserted by IOHS09. This value is stored by IOHS09,
and each of the seven values of the table is adjusted by IOHS09 when
the data table TMHRAE is moved to accommodate more recent obser-
vations.

d) TMH2TM--2-1ocation table of telemetry discrete signals with entries:

1) T--elapsed GMT time tag of the telemetry discrete signal word in
floating point seconds.

2) Discrete Signal Word with following format:

Bits 0 through 22 are not used and are set to zero.

Bit 23--two-inch lift-off signal

Bit 24--escape tower released

Bit 25--tower escape rockets fired

Bit 26--capsule released from sustainer

Bit 27--one of three posigrades fired
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Bit 28--two of three posigrades fired

Bit 29--three of three posigrades fired

Bit 30--abort sequence initiated

Bit 31--retrorocket 1 fired

Bit 32--retrorockets 1 and 2 fired

Bit 33--retrorockets 1, 2 and 3 fired

Bit 34--abort phase started

Bit 35--orbit phase started.

A one in any of these bit positions indicates that the event has
occurred.

e) TMHS2T--3-1ocation table of telemetry time data with entries:

1) Elapsed Capsule Time

2) Retrofire Mechanism Setting

3) Elapsed GMT time tag of this telemetry data

Each of the entries of TMHS2T is stored in fixed point integer format,
with minutes in the address and seconds in the decrement of the re-

spective words.

f) MCCOM2--Computed Data Validity Indicator: A one in this cell indi-
cates rejection of the computed data and retention of the previous
contents of TMH2DB.

g) MCTEL2--Telemetry Data Validity Indicator: A one in this cell indi-
cates rejection of the telemetry data and retention of the previous
contents of TMH2TM, TMHS2T, MCS709, and MCSCEB.

h) MCWCH2--Data Indicator: This cell contains the identity of the data
currently being processed by IOHS09 coded as follows:

2--unprocessed radar (AN/FPS-16)

3--IP 7090 computed data (AZUZA)

4--IP 7090 computed data (AN/FPS-16)
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i) MCS709--A one in this cell indicates the IP 7090 buffer data as the

main launch computations selected source.

j) MCSGEB--A one in this cell indicates the B-GE computed data as the
main launch computations selected source.

k) MCSRRS--unprocessed radar source indicator. Since any one of the
three AN/FPS-16 radars of the Cape Canaveral complex can be se-
lected as the source radar for unprocessed radar data, this cell con-
tains the identity of the transmitting radar coded as follows:

1--Cape Canaveral AN/FPS-16

2--Grand Bahama AN/FPS-16

3--San Salvador AN/FPS-16

2.4.3 Method

A data frame consisting of 384 (8 x 48) binary bits is transmitted at a rate
of 1000 bits/see over a duplexed line from the IP 7090 buffer and is received as

a sequence of two duplicate 192 (8 x 24) bit subframes. Each subframe and its
image are stored by Monitor in the 48-word table, TMHSL2, and control is trans-
ferred to IOHS09.

Upon each entry the given subframe, words 1 through 24 of TMHSL2, is ex-
amined to insure that it is not "solid," i.e., that not all twenty-four entries of
the subframe are identical. If the subframe is not "solid," the ID word, word 24
of TMHSL2, is examined to insure that it is valid. If the subframe fails to satisfy
either of these criteria, the subframe image, words 25 through 48 of TMHSL2,
is similarly tested. Failure of the image to satisfy either of these requirements

causes a "missing data" returnto be made to Monitor without further processing.

However, the subframe and its image are both processed according to the
subframe number and coded data identity of that valid ID word first detected. A

description of the processing of the telemetry, computed, and unprocessed radar
data of these frames follows:

2.4.3.1 Telemetry Data Processing

Reference to the subframe formats of Table 2-2 shows that a first subframe

of either computed or unprocessed radar data contains 72 bits of telemetry in-
formation which is processed according to the procedure described below.

The set of three seven-bit-sequences of repeated signals of the subframe
is first examined to insure (a) that not each of the seven bits of the sequence
is a zero, (b) that both the abort and orbit signal bits are not set to one, and
(c) that the three seven bit sequences are identical.
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TABLE 2.2. MERCURY CONTROL CENTER (TELEMETRY EVENT TRANSMITTING
BUFFER) TO HIGH-SPEED RETRANSMITTERS, MESSAGE FORMAT

Bits

1-20

21-40

41

42

43
44

45
46

47
48

49
5O
51
52

53
54

55
56

Quantity

Capsule elapsed time reading
(Binary-coded decimal - as follows)

Bits 1 - 2

Bits 3 - 6
Bits 7 - 9

Bits 10- 13
Bits 14 - 16

Bits 17 - 20

Tens of hours

Units of hours

Tens of minutes
Units of minutes

Tens of seconds
Units of seconds

Retrofire mechanism setting
(Binary-coded decimal -as follows)

Bits 21 - 22
Bits 23 - 26

Bits 27 - 29
Bits 30 - 33

Bits 34 - 36
Bits 37 - 40

Tens of hours

Units of hours
Tens of minutes
Units of minutes

Tens of seconds
Units of seconds

Capsule elapsed time not valid

Retrofire mechanism setting not valid
Liftoff

Staging
Escape tower separated
Tower escape rockets fired

Capsule separated from susta iner
One of three posigrades fired

Two of three posigrades fired
Three of three posigrades fired
Abort sequence initiated
Retro 1 fired
Retro 1 and 2 fired

Retro 1, 2, and 3 fired

Spare
Burroughs-GE data selected

Comment

1--not valid
1--not valid

1=has occurred
1--has occurred

1=has occurred
1--has occurred

1--has occurred
1--has occurred
1=has occurred

1--has occurred
1=has occurred
1=has occurred

1=has occurred
1=has occurred
1--was commanded
0=Azusa/FPS-16

data selected
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TABLE 2-2. MERCURY CONTROL CENTER (TELEMETRY EVENT TRANSMITTING
BUFFER) TO HIGH-SPEED RETRANSMITTERS, MESSAGE FORMAT (cont'd)

Bits Quantity

I_iftoff signal manually reversed

Staging signal manually reversed

Escape tower separated signal manually reversed

Tower escape rackets fired manually reversed

Capsule separated from sustainer manually reversed

One of three posigrades fired manually reversed

Two of three posigrades fired manually reversed

Three of three posigrades fired manually reversed

Abort sequence initiated manually reversed

Retro 1 fired manually reversed

Retro 1 and 2 fired manually reversed

Retro 1, 2, and 3 fired manually reversed

Abort phase has started

Orbit phase has started

Spare

Parity for previous 71 bits

Comment

1=was reversed

l=wa s reversed

1=was reversed

1=was reversed

1=was reversed

1--wa s reversed

1=was reversed

1--was reversed

1=was reversed

1=was reversed

1--wa s revers ed

1=was reversed

1=has started

1--has started

1=An even

number of ]'s

in the previous
7] bits.
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If each of these criteria is satisfied by the subframe data, the repeated sig-
nals are stored; and the telemetry discrete word time tag is computed and
stored. If, however, one of these criteria is not satisfied, the same testing
is applied to the telemetry data of the subframe image; failure of the image
to satisfy each of the repeated signal criteria causes the telemetry data to
be rejected and the telemetry output locations, TMH2TM, TMHS2T, MCS709
and MCSGEB to remain unchanged.

The non-repeated signals of the telemetry data entries satisfying the re-
peated signal criteria are processed in the following manner. Parity of this te-
lemetry data is determined and compared with transmitted parity. Parity dis-
agreement causes a return without further processing, while parity agreement
results in the storing of the posigrade and retrograde rocket signals, the setting
of the selected source indicators, MCS709 and MCSGEB, and the generation of
the table TMHS2T, ending the processing of the telemetry data.

2.4.3.2 Computed Data

Where the coded data identity of afirst subframe indicates that the subframe
contains computed data, the entries are transferred to temporary storage, the
frame sequence indicator is set to one, and a return is made to Monitor to await

the arrival of the remaining computed data entries in a second subframe.

Upon receipt of a first and second subframe sequence of computed data, the
check sum of the message and, if necessary, of the image, are successively com-
puted and compared with the transmitted checksums. The data contained in that
block which first produces checksum agreement is thenprocessed to produce the
output table-TMH2DB. Failure to find a valid checksum causes the rejection of
the computed data and the retention of the previous contents of TMH2DB.

A second subframe of computed data received withthe frame sequence indi-
cator set to 0 causes the rejection of the subframe and initiates the search for
another computed data subframe sequence.

2.4.3.3 Radar Observation Processing

The processing of the radar observations of first and second subframes is
identical and is executed on the reception of each radar subframe. This process-
ing is described below in terms of the following procedures:

Entry Processing

Establishing Data Tables

Observation Processing

Moving Data Table
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Entry Processing: On each radar entry, the coded identity of the transmit-
ting radar contained in the valid ID word is first examined for indication of a
change in radar source. If a different radar of the complex has begun transmis-
sion, the time entry of the datatable, TMHRAE, is examined. A negative time en-
try indicates that editing and smoothing are in progress and, therefore, the data
table is not to be disturbed. In this case, control is returned to Monitor without

further processing. If, however, the table contains apositive time entry, the new
radar source code is stored in MCSRRS and a zero is stored as the time entry
of TMHRAE to indicate the absence of avalid data table. The contents of the time
cell MCHST2 is then converted to .1 second increments and transfer is made to

the processing of Establishing Data Table.

If, however, no change of radar source is indicated, MCHST2 is converted
immediately and transfer is made to Observation Processing.

Establishing Data Table: A zero time entry in the table, TMHRAE, indicates
that the table does not contain currently valid data. When a radar subframe is
received with the table in this condition, the observations are processed in the
following manner.

The two observations of the subframe are examined to insure that they are

both "on track" observations, i.e., that the transmitting radar was actively
tracking the capsule when the observations were read--and that both obser-
vations contain an elevation entry, E, where 3 °< E_< 90 °. If either of these

requirements is not satisfied by either observation of the subframe, the sub-
frame image is similarly tested. Failure of both the subframe and image to
meet these two criteria results in the rejectionof the radar data and an im-
mediate return to Monitor.

However, the observations of those entries satisfying these standards are
inserted as the initial entries of the data table. The time converted from

MCHST2 is then stored in TMHRAE as the time tag of the first observation,
and a normal return is made to Monitor.

Observation Processing: Once the datatable, TMHRAE, has been established
according to the above procedure, the observations of subsequent subframes show-
ing no change in radar source are processed as outlined below.

The time of present entry, TN, is compared to the time of last entry, TL,

where T L and T N represent the successive contents of MCHST2 expressed

in .1 second increments. If T N - TL> 2, kobservations are extrapolated and

inserted into TMHRAE, where k = T N - T L - 2; the observations of the re-

ceived subframe are then processed. The coordinates of the inserted obser-

vations are extrapolated according to the formula Ci = 2Ci_ 1 - Ci_ 2 + M,

wherei=l, 2.. k; M=5000, forC i=R i-,andM=.025,forC i=A i andC i=E..1
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If, however, T. - T L <_2, the two observations of the subframe are processed
immediately. 1

The first of the two received observations is examiried in the subframe and,

if necessary, in the subframe image. The entries of the data first indicating
an on-track observation are scaled and stored in successive locations of
TMHRAE. If the elevation entry is such that 3 ° > E > 90 °, it is replaced with
a value extrapolated according to the above formula. If an on-track observa-

tion is found in neither the subframe nor image, the coordinates are again
extrapolated as above. Upon completing the processing of the first observa-
tion, the second of the received observations is processed in an identical
manner.

The location, TMHEDP, containing the location of the range entry of the last
observation stored by IOHS09 is updated as each observation--either re-
ceived or extrapolated--is stored.

It is to be noted that the datatable, TMHRAE, contains an observation for
every .1 second increment of elapsed time after the time of the first observation

as stored in location TMHRAE. There are, then, no missing data exits from this
processing after the table has been established.

Moving the Data Table: After the storing of each observation in the table,

TMHRAE, the location, TMHEDP, is updated and examined. If, according to this
storage index, fewer than 100 valid observations appear in the table, processing
continues as outlined above. If, however, there are 100 or more observations in

the table, the program attempts to move the table to accommodate more recent
data.

The time entry of TMHRAE is first examined. If, according to a negative
time entry, edit and smoothing are in progress, a move suppression indicator is
set and this data to be processed is stored in the move buffer, locations TMHRAE
+ 301 through TMHRAE+360, provided there are free locations in this buffer. A

return is made to Monitor without further processing if this buffer is also full.

However, when the location, TMHRAE, contains a positive non-zero time en-
try, the data table is moved. The most recent set of edited observations as indi-
cated by the table of edit parameters--not to exceed 31 in number--is moved to

the beginning of the data table, the 7 parameters of TMHEDP and the time entry
of TMHRAE are adjusted to reflect this new positioning and the appropriate ob-
servation processing is resumed.

2.4.4 usage

a} Space Required:

The program IOHS09 requires 976 core storage locations. The storage
required by the input and output locations of paragraph 2 above are not
included in this figure and require an additional 435 locations.
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b_

c}

d}

Constants:

K00000 DEC 0
K00001 DEC 1
K00002 DEC 2
K00003 DEC 3
K00031 DEC 31
K00060 DEC 60
K00063 DEC 63
K00080 DEC 80
K00120 DEC 120
K010.0 DEC 10.0
KCH232 OCT 232 000 000 000
KCH233 OCT 233 000 000 000

Time RequirednThe running time for IOHS09 is approximately 10 mil-
liseconds.

CheckoutmThe IOHS09 program has been operational in the Mercury

Program system since October of 1960.
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8-Bit Word Transfers from Data Receiver
F irst Subframe

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1 Telemetry 8

9 Telemetry 16

17 Telemetry 24

25 Telemetry 32

33 Telemetry 40

41 Telemetry 48

49 Telemetry 56

57 Telemetry 64

65 Telemetry 72

1 A 8

9 A 16

17 A 24

25 A 32

33 A 36]1 B 4

5 B 12

13 B 20

21 B 28

29 B 36

1 C 8

9 C 16

17 C 24

8-Bit Word Transfers from Data Receiver
Second Subframe

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18
i

19

2O

21

I D 8

9 D 16

17 D 24

25 D 32

D 36 J I E 433

5 E 12

13 E 20

21 E 28

29 E 36

I F 8

9 F 16

17 F 24

25 F 32

33 F 36_I N 4

5 N 12

13 N 20

21 N 28

29 N 36

1 Checksum ._ 8

9 Checksum _ 16

17 Checksum _. 24

25 C 32 22 25 Checksum _ 32

361000 0 23 33 _. 36 1000 0
n

33 C
I i

0 0 0 ] 1 ID* 5 24 0 00Jl ID* 5

The above constitutes a complete message frame and is transmitted every 400 milli-
seconds. Each subframe consists

represented by A, B, C, D, E, F,
documents.

of 192 serial bits preceded by a sync signal. The quantities
and N are restricted information and are specified in other

*See Note 1 for makeup of ID word.

FIGURE 2-7. IP 7090 DATA, CAPE CANAVERAL TO GODDARD,
MESSAGE FORMAT (SHEET 1 OF 2)
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See Note 2 for format of bits 1 to 72 of first subframe in absence of telemetry data and
Note 3 for format in absence of quantities A, B, C, D, E, F, and N.

See table 2-15 for format of telemetry data.

NOTES

1. The 5-bit identity (ID) word in each subframe conveys the following information

Data from IP 7090 High-Speed Buffer and Retransmitter

Bit 1: A 0 signifies IP 7090 data format.

A 1 signifies raw radar format.

Bit 2: A 1 signifies second subframe.

Bit 3: A 1 signifies first subframe.
Bit 4 and 5: Indicate source of raw radar data.

.

t

In the event that no data is received from the telemetry event transmitting buffer, the

high-speed buffer and retransmitters are arranged to transmit O's in the bit positions

occupied by telemetry event data bits 1 through 40 and 43 through 72. Ones are trans-

mitters in positions 41 and 42, resulting in erroneous parity for the telemetry event

data message.

In the absence of data quantities A, B, C, D, E, F, and N, the complete message frame

is transmitted every 400 milliseconds. Telemetry data continues to be transmitted.

Zeros with l's interspersed in certain positions are transmitted in place of the missing

data quantities. The following bits appear as l's in this event:

Subframe 8-Bit Word No. Quantity Bit within Quantity
1 12 A 24

1 15 B 12

1 18 B 36

1 21 C 24

2 3 D 24

2 6 E 12

2 9 E 36

2 12 F 24

2 15 N 12

2 18 N 36
2 19 Checksum 1
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FIGURE 2.7. IP 7090 DATA, CAPE CANAVERAl. TO GODDARD,
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2.5 SUMMARY

To process and prepare for entry into the Goddard IBM 7090 computers the

huge amounts of data received from Cape Canaveral and the worldwide tracking
sites during a Mercury mission, the following input programs were designed and
are now operational in the Mercury Program System:

a) Low-Speed Teletype Input Program (IOTTIN)--proeesses capsule posi-
tional radar data received at Goddard via the 16 input teletype lines
from the remote radar sites.

b) Manual Input Program (IOMANI)--converts specified data from tele-
type code input, as received on the 16 input lines, to the format re-

quired by the processing programs. The data is punched on paper tape
by teletype machines and is inserted manually via the Data Communi-

cations Channel subchannel reserved for paper tape input.

c) High-Speed B-GE Input Program (IOHSGB}--processes Burroughs com-
puter data and the associated telemetry data transmitted from the

Mercury Control Center to Goddard over the high-speed lines.

d) High-speed IP 7090 Input Program (IOHS09)--processes IP 7090 data and

associated telemetry data transmitted from the Mercury Control Cen-
ter via the high-speed duplexed lines.

Outputs from these programs are stored in computer memory for use by the
processors described in this document.
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Section 3

LAUNCH/ABORT PROCESSORS

P

During the launch/abort phase of a Mercury mission the IBM 7090 comput-
ers at Goddard receive pertinent launchvehicle-capsule flight data from the Mer-
cury Control Center. The Goddard computers process this data and retransmit
it for display at the Control Center. Fromthis and other data, the Mercury Con-
trol Center is then equipped to make the all-important GO or NO-GO decision.

Because the Goddard computers are requiredto receive, process, and trans-
mit this vast amount of data during the relatively short (approximately 5 min-
utes) duration of a normal launch, a general discussion is first presented on the

interrelationship of the programs that are used during this phase. This discus-
sion is then followed by the individual program write-ups.

The main processors, their functions, andtheir use by the Mercury Program
System during the launch/abort phase are shown in Table 3-1.

3.1 PROGRAM SYSTEM OPERATION DURING LAUNCH

All input to the programs used duringthe launch/abort phase is made on two
high-speed input lines from Cape Canaveral. Line 1 carries B-GE data. Line 2
carries IP 7090 data or AN/FPS-16 raw radar data. Both lines will also carry a
bit indicating which line is the selected source for Goddard. The choice of which
line is to be the selected source is made by the Data Quality Monitor operator
located at Cape Canaveral. The operator can also select that raw radar data be
sent over line 2. Figure 3-1 depicts the organization of the launch program from

lift-off up to Hold. Figure 3-2 illustrates the program organization during Hold.
In both figures the launch programs are divided into three levels of processing:

a) First level--Coordinate conversion and raw radar data editing and

smoothing.

b) Second level--Gross editing and outputs for the Data Quality Monitor
strip charts. (Not used during Hold or Abort}

c) Third level--Main processing to compute outputs for plotboards and
digital displays.

The following discussion presents the interrelationship of the main launch
programs used during powered flight when either line 1 or line 2 is selected. The
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DCC
LINE 1

SELECTED

SECOND JLEVEL CCSTGE

FIRST J }REJECTEDLEVEL CCGEB1

REJECT_

I !1LEVEL CCMAIN CCMISS
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LINE 2

NO DATA NON-SELECTED

ENTRY
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I CC7091 J CCRAWR
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........... t .... -_ ....I...................
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LAUNCH PROGRAM ORGANIZATION (FROM LIFT-OFF UP TO HOLD)
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FIRST
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LINE 2

CCRAWR REJECTED
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LEVEL

THIRD
LEVEL CCHOLD

NO DATA
ENTRY

CCHOMI

FIGURE 3-2. LAUNCH PROGRAM ORGANIZATION (DURING HOLD)
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discussion on the programs used and their organization should an abort situation
occur any time before insertion is included in Subsection 3-2.

3.1.1 DCC Line 1 - Selected

Under normal operating conditions, DCC line i is the selected source (upper
half of Figure 3-1). The unselected data entering line 2 is processed in the first
two levels only, control is then returned to Monitor.

Launch vehicle position and velocity vectors and time since lift-off from the

B-GE system enter the Goddard computers and the first level of processing via
DCC line 1. These parameters are converted to the Mercury coordinate system
by CCGEB1. The output of CCGEBltogether withthe time enters the second level
of processing which is the strip chart program CCSTGE. The primary purpose

of this processor is to compute the deviation of the velocity and flight path angle
from their respective nominals for display on the strip charts at Cape Canaveral.
If the data entering CCGEB1 or CCSTGE is of poor quality the data is rejected

and control is passed to the Missing Data During Launch program, CCMISS in
the third level, bypassing the second level processor. Therefore, only selected
and good data is entered into the Main Calculations During Launch program,
CCMAIN in the third level. The main function of CCMAIN is to compute the GO,
NO-GO recommendation for transmission to Cape Canaveral. Controlis then re-
turned to Monitor.

3.1.2 DCC Line 2 - Selected

When line 2 is the selected source (lower half of Figure 3-1) the unselected
data entering on line 1 is processed in the first two levels only. Controlis then
returned to Monitor.

IP 7090 launch vehicle position and velocity vectors and time since lift-off
enter the Goddard computers and high-speed input processor (IOHS09) via DCC
line 2. The data is processed bythe input program and is transferred to the first

level of launch processing where the data is converted into the Mercury coordi-
nate system by CC7091. If range, azimuth, and elevation raw radar data is enter-
ing on line 2, CCRAWR performs an editing, smoothing, and coordinate conver-
sion on the data.

The smoothed data together with time enters the second level of processing
and the strip chart processors CCSTIP or CCSTI6. Here, the deviation of the
velocity and flight path angle from their respective nominals is computed for dis-
play on the Data Quality Monitor strip charts. If the data is found to be of poor
quality then CCSTIP or CCSTI6 rejects the data and passes it on to CCMISS in
the third level. If the data is acceptable it is passed to CCMAIN. Here again, as
in Line 1 - Selected, only selected and good data is processed by CCMAIN in the
third level.
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3.2 PROGRAM SYSTEM OPERATION DURING HOLD

When CCMAIN or CCMISS have completed their computations at the end of

powered flight the Mercury Program System shifts into the Hold (or Abort) por-
tion of the launch phase. The time period from the end of powered flight to the
Flight Dynamics Officer's ORBIT, ABORT decision is calledthe Hold phase. The
purpose of Hold is to provide the Flight Dynamics Officer at Cape Canaveral with
sufficient time to analyze the flight data and accept or reject the computed GO,
NO-GO recommendation. If, at any time during Hold, the orbit signal is received
at Goddard then the Mercury Program System shifts into the orbit phase (see
Section 4). If the abort signal is received then the program system shifts into
the High Abort program, CCABRT (see Subsection 3.3).

The Mercury Program System organization used during the Hold portion of
the launch phase is shown in Figure 3-2. IP 7090 smoothed radar data or AN/

FPS-16 raw radar data enters the Goddard computers via DCC line 2. (The data
on line 1 will be considered unreliable since, during Hold, the launch vehicle and
the capsule are proceeding along different flight paths.)

The capsule position and velocity vectors and the time tag are converted to
the Mercury coordinate system by CC7091 inthefirst level and control is passed
directly to the Main Calculation During Hold program (CCHOLD) in the third level.
(CC7091 cannot reject the IP 7090 data.) If input to the first level is raw radar
then CCRAWR performs an edit smoothing and conversion function on the data
and passes control to CCHOLD in the third level. Unlike the IP 7090 smoothed

radar data processor (CC7091), CCRAWRwillrejectthe data if it finds the infor-
mation unreliable and then passes it ontothe Missing Data During Hold program
(CCHOMI).

3.3 PROGRAM SYSTEM OPERATION DURING ABORT

The organization of the programs used should an abort occur anytime after
lift-off is shown in Figure 3-3. Here, three abort processors, in addition to the

coordinate conversion programs, are used by the program system depending on
the height of the launch vehicle at the time of abort. The Low Abort (CCRTYL)
program is executed if an abort occurs below 100,000 feet. If an abort occurs
above 100,000 feet and before tower separation (TOWS) then the Medium Abort

(CCMEAB) program is used. If an abort occurs after TOWS the High Abort
(CCABRT) program is used.

In low or medium abort, high speed smoothed or raw AN/FPS-16 radar en-
tering Goddard on line 2 is processed by CC7091 or CCRAWR respectively. (The

B-GE missile tracking data entering Goddard on line 1 will not be processed dur-
ing abort.) The processed data serves as input to CCRTYL or CCMEAB in the
third level (there is no second level of processing during abort).

During high abort the input to the CCABRT program is the last known posi-
tion and velocity vectors from powered flight. The detailed program write-ups
for the launch/abort phase are included in Subsections 3-4 through 3-22.
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FIGURE 3-3. ABORT DURING LAUNCH PHASE PROGRAM ORGANIZATION
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3.4 B-GE DATA CONVERSION PROGRAM (CCGEB1)

This is the first of three coordinate conversion programs used during launch.
This program together with the following two programs (CC7091 and CCRAWR)
forms the first level of processing for the launch phase. The purpose of CCGEB1
is to convert launch vehicle position and velocity data from a B-GE coordinate

system to a Mercury coordinate system. This datatogether with an indicator set
to whether this is a selected or non-selected source is entered to the Goddard

computers via the high speed input line number 1. The flow chart for CCGEB1 is
shown in Figure 3-4.

3.4.1 Input Requirements

This program uses the sine/cosine library subroutine UISICO. The follow-

ing data from the table, TMGEB1, serves as input to the CCGEB1 program:

TMGEB1 T i (Time since lift-off in seconds)

+1 X1 i _

+ 2 Y1 ! RIG(B-GE units)
+ 3 Z 1

+4 I
+ 5 Y1 VIG (B-GE units)

+ 6 Z1

Another input to CCGEB1 is the number of seconds from midnight to lift-off
in floating point seconds. This information is contained in communication cell
MCLFTM.

The additional information required is contained in the discrete word,

TMGEDS+I, bits 30, 31, and 32. These bits are the locations of the data flags. If
B-GE data is selected, CCGEB1 will process the data only if all three data flags

(32, 83, yN) are non-zero. If any one of these bits is zero, control passes to

MFCCGE.

3.4.2 Output Requirements

The output of the CCGEB1 program consists of the following information in
normalized floating point format and is stored inthe table TCBEG1 which serves
as one input to the second level of launch processing:
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3.4.3

TCBEG1

+1

+2

+3

+4

+5

+6

+7

+8

+9

+10

+11

+12

Method

T i (Time since lift-off in seconds)

xlIY1 R1G (B-GE units; same as input)

Z 1

Y1 V1G (B-GE _lnits; same as input)IZ 1

X3 i -
Y3 R 3 (Mercury units)

Y3 _3 (Mercury units)

Z3

Convert RIG and V1G to R3 and V 3
formulas:

X 3=X1Gcosa - Y1Gsin a

Y3= XIG sin a - Y1G cos a

Z 3 = Z1G

X3 = XIG cos a - YIG sin a

Y3 = XIG sin a - Y1G cosa

Z3 = iZG

where

in B-GE units, by using the following

3-10
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where

A is the longitude of the GEradar.
Q

R 3 {Mercury units}_9557638 R1G {B-GE units)

V3 {Mercury units)=l.022883455 V1G {B-GE units)

3.4.4 Usage

The CCGEB1 program is used inthe Mercury system in the following manner:

a) Entry to the program is made from MPCCGB.

b) Return to Monitor is normally through MFCCGB. If any of the data
flags is zero, return is made to Monitor suffix, MFCCGE.

c) Upon entry, if the accumulator = 0, B-GE data is selected source.

d) Space Required--10010 locations, excluding subroutine, tables andcon-
stants.

e) Constants Used:

1} KLAMDO--longitude of Greenwich at midnight preceding launch

2) K.0MEG DEC .058833543

3) TCCONS--table of constants used by the launch programs.

f) Erasable Locations--the only erasable locations within the program
are in TCMANR, a storage block reserved exclusively for the launch
phase programs, and must not be used by any other groups.

3.4.5 Checkout

The program has been checked out both in the FAP and SOS systems using
data provided by NASA, Langley Field, Virginia.
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FIGURE 3-4. CCGEB1 PROGRAM FLOW CHART
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This program is used the entire launch phase and for input uses data pro-

cessed by the IP 7090 at Cape Canaveral. CC7091 converts position and velocity

data from an IP 7090 coordinate system to a Mercury coordinate system. This

data enters the high-speed input program, 10HS09, via input line number 2. The

output of 10HS09 is fed to the CC7091 program in the first level of launch pro-

cessing. The flow chart for CC7091 is shown in Figure 3-5.

3.5.1 Input Requirements

This program uses the sine/cosine library program (U1SICO).

The following data from the table TMIP71 serves as one input to the CC7091

program (all input and output to the CC7091 program is in normalized floating
point format):

TMIP71 T i (Time since lift-off in seconds}

+i X I # __

k

+ 2 Y1 i R 1 (Mercury units)+ 3 Z 1

+4 Xli
+ 5 Y1 V 1 (Mercury units)

+6 Zl !

The second input to CC7091 is the number of seconds between midnight pre-
ceding launch and time of lift-off in floating point. This information is located in
the communication cell MCLFTM.

3.5.2 Output Requirements

The following data is generated bythe CC7091 program and outputted in table
TCIP71 which serves as input to the second level of launch processing:

TCIP71 T i (Time since lift-off in seconds)
"\

+i XI I --

+ 2 YI RII (B-GE units)

+ 3 Z1 ,
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3.5.3

TCIP71

+ 4

+ 5

+ 6

+ 7

+ 8

+ 9

+ 10

+ 11

+ 12

Method

Ti (Time since lift-offin seconds)

Y1 VII (B-GE units)

IY3 R3 (Mercury units)

Z 3

Y3

i 3

V 3 (Mercury units)

The CC7091 program converts R%I and V%I to R_II and VII B-GE units, and

then to R 3 and V 3 Mercury units. The following formulas are used:

RII ='RoI 1.0463218

VII= V0I .97763793004

X 3 =XoI cos ( ¢0 + tot) - Y0I sin (¢0 + tot}

Y3 =XoI sin (¢0 + _t) + Y0I cos (¢0 + tot)

Z 3 = Z0I

)[3 =XoI cos (¢0 + oJt) - Y0I sin (¢0+_t)

Y3 =XoI sin (¢0 + cot) + YoiCOS (_b0+ _t)

_3 z0i

R 3 (Mercury units)=l.00003643 R0I tip 7090 units)

V 3 (Mercury units}=l.000009664 V0I (IP 7090 units)

¢0 =_o+tot
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The CC7091 program is accurate to at least 7 decimal digits.

3.5.4 Usag_._e

The CC7091 program is used in the system in the following manner:

a) Entry to the program is made to MPCCIP.

b) Return to Monitor is to MFCCIP.

c) Upon entry, if the accumulator = 0, IP 7090 data is selected source.

d) Space Required--9910

e) Constants Used:

1) KLAMDO--longitude
(radius)

f)

locations, excluding subroutine and constant.

of Greenwich at midnight preceding launch

2) TCCONS--table of constants used by the launch programs.

Erasable locations--the only erasable locations within CC7091 are in
TCMANR, a storage block reserved exclusively for the launch pro-
grams, and must not be used by other groups.

3.5.5 Checkout

The CC7091 program has been checked out both in the FAP and SOS sys-
tems using data provided by NASA, Langley Field, Virginia.
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FIGURE 3-5. CC7091 PROGRAM FLOW CHART
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3.6 RAW RADAR PROGRAM {CCRAWR}

CCRAWR is the third processor in the first level of the Launch/Abort proc-

essing. The purpose of CCRAWR is twofold:

a) To edit all unprocessed AN/FPS-16 radar observations'received by

way of the high-speed data lines from the Cape Canaveral radars.

b) To generate inertial position and velocity vectors reflecting this data
for use in the main Launch/Abort computations.

The flow chart for the CCRAWR program is shown in Figure 3-6.

3.6.1 Input Requirements

Input to the program, CCRAWR, is contained in the361-word data table
TMHRAE, andin the 7-word table of edit parameters, TMHEDP.

a) The first word of thetable, TMHRAE0 contains the time tag (GMT) of
the first observation in the table in .1 second increments, fixed point

B35. The remaining 360 locations of the table contain upto 120three-
word AN/FPS-16 radar observations. The first of the three words in

each of these observations contains slant range (R} expressed as fixed
point feet, B35° while the second and third words contain azimuth (A)
and elevation (E} respectively, expressed in fixed point radians B14.
The time increment between successive observations in the table is
•1 second.

b} The seven parameters of thetable, TMHEDP, are used inthe editing of
the radar observations of the block, TMHRAE. The format of this table

is as follows: TMHEDP: location of the range entry of the last ob-
servation of TMHRAE (LRTBE).

+ 1: location of the first edited range entry (FER)

+ 2: location of the last edited range entry (LER)

+ 3: location of the first edited azimuth entry {FEA)

+ 4: location of the last edited azimuth entry (LEA)

+ 5: location of the first edited elevation entry {FEE}

+ 6: location of the last edited elevation entry {LEE}

c} The entries ofthetable, TMHRAE, together withthe cell, TMHEDP, are
stored by the raw radar processor of IOHS09. The remaining entries
of TMHEDP are stored in the edit processor of CCRAWR and adjusted
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by the raw radar processor when the data table is movedto accom-
modatenew data.

3.6.2 Output Requirements

Output from the program, CCRAWR, consists of a position and a velocity vec-
tor and the associated time tag. This output is stored in the 13-word table,

TCFP16, in the following format: TCFP16: Time tag {At since L.O.} in floating

point seconds.

TCFP16+ 1 X

+2 Y

+3 Z

+5 i"

+6 z

These entries in the Mercury reference

system and B/GE units.

+7 X

+8 Y

+9 Z

+10

+Ii

+12

These entries in the Mercury reference

system and Mercury Units.

Upon exit from CCRAWR, the P bit of the accumulator will be set to 0 to indi-
cate newly generated output and to 1 to indicate the absence of newly generated
output and the retention of the previous contents of TCFP16. In both of these
cases return is made by direct transfer to MFCCRW.

3.6.3 Method

Control is first given to CCRAWR when the table of edit parameters,
TMHEDP, indicates that the data table, TMHRAE, contains four or more uned-
ited observations. Subsequent entries are made at .5 second intervals during
launch phase and at 6-second intervals during abort phase. Upon each entry, the
location, CESTL, contains the following information:

a} Address: Location of the table of edit parameters, TMHEDP.
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b) Decrement: Location of a nine-entry table of edit criteria, CCTEL,
containing the following limits.

(1.5) 1/2 time allowable range error

(3.0) 1/2 times allowable range error

(5.0) 1/2 times allowable range error

(1.5) 1/2

(3.0) 1/2

(5.0) 1/2

(1.5) 1/2

(3.0) 1/2

(5.0) 1/2

time allowable azimuth error

times allowable azimuth error

times allowable azimuth error

time allowable elevation error

times allowable elevation error

times allowable elevation error

The CCRAWR program first edits all previously unedited observations in the
data table TMHRAE. The edit procedure used in CCRAWR is composed of six
distinct parts:

a) Initialization

b) No Previous Editing

c) Previous Editing

d) One or Two Consecutive Rejected Points

e) Three or More Consecutive Rejected Points

f) Test for Other Unedited Coordinates

Discussion of these six parts follows:

Initialization: The following quantities are placed in the address portions of
individual core locations:

Last Range to be Edited (j)

First Edited Range (h)

Last Edited Range (i)

First Edited Elevation

D
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Ifh = i,the data table contains no editedobservations and a transfer is made

to No Previous Editing. If h_ i,the data table does contain edited observations

and transfer is made to Previous Editing.

No Previous Editing: In this case, there exists at least four points to be ed-
ited. The first and third points are usedto predict the second which is compared
with the actual value. If this comparison is successful, the second and fourth

points are used to predict the third which is again compared to its actual value;

linear almost least squares formulae are used: X2_ (XI+ X3)/2, X3= (X2+ X4)/2.

By considering overlapping sets of four points, this test is continued until a set
of four points is found satisfying both of these formulae or until no more data is
available; h and i are updated at each step. If four satisfactory points are found,
i is further updated and transfer is made to Previous Editing. If the data is ex-
hausted before four such points are found, transfer is made to Test for Other
Unedited Coordinates.

Previous Editing: This is the usual calculation made. Four established points
are used to predict a fifth, as yet unedited point which is compared with its ac-
tual value. If the point is accepted, i is updated and the process continued until a

point is rejected or until data is exhausted. A transfer is then made to One or
Two Consecutive Rejected Points or to Test for Other Unedited Coordinates, re-

spectively. The following linear almost least square formula is used to predict
the fifth point:

x 5 =x4+ (x 3 - xl)/2

One or Two Consecutive Rejected Points: A sixth point is predicted from
the four established points; if accepted, the fifth point is interpolated and a re-
turn is made to Previous Editing.

X 6=X4+X 3-X 1 ; X 5=(X 6 + X4)/2

If the sixth point is rejected and no more data is available, a transfer to
Test for Other Unedited Coordinates is made. If more data is available, the sev-

enth point is predicted from the four points. If the seventh is accepted, both the
fifth and sixth points are interpolated and return then made to Previous Editing.
Here,

X 7 =2X 4 - X 1

X 5 = (X 7+X 4-X3+X2)/2

X 6 = (X 7+X 4+X 3-X2)/2

If the seventh point is rejected, a transfer is made to Three or More Con-
secutive Rejected Points.
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Three or More Consecutive Rejected: In this case, three or more points
may actually be in error or the launch trajectory has been distinctly altered and
these points lie on this trajectory. If there is no more data, a transfer to Test
for Other Unedited Coordinates is made. If there is more data, successive sets
of four points are again used to establish a straight line, as in No Previous Edit-
ing, until a set of four acceptable points is found, data is exhausted, or a preset
maximum number of attempts to find such a set is exceeded. If an acceptable
set is found, the rejected points are interpolated. If the data is exhausted before
a satisfactory set is found, a transfer is made to Test for Other Unedited Coor-
dinates. If the preset maximum number of attempts is exceeded, the table of edit

parameters, TMHEDP, is reset to show the observation containing the offending
coordinate as the first edited observation. Editing of this coordinate is then re-
sumed by transfer to No Previous Editing, if the data table contains four or more
unedited entries of this coordinate, or by transfer to Test for Other Unedited Co-
ordinates if fewer than four entries remain. The required linear almost least
squares formulae are as follows:

Xi+k_ 1 = (Xi+k+ X1+k_2)/2

Xi+ k = (Xi+k+ 1 + Xi+k_l)/2

Xi+N=Xi + k-2
N(Xi+k_ 2 -X i)

N=1,2,... k- 3

Test for Other Unedited Coordinates: Upon completing the editing of the
range or azimuth coordinates, the h and i criterion locations are updated and a
return made to process the remaining coordinates.

Upon completion of the editing procedure, the table of edit parameters is
examined. If these parameters indicate that the datatable contains fewer than 31
edited observations, an insufficient data return is made to Monitor. If however,

the table contains 31 or more editedpoints, the time tag of that observation lying
at the midpoint of the most recent 31point edited span is computed and compared
with the last time tag similarly computed. This comparison must indicate a more
recent present span in order to continue processing. Otherwise an insufficient
data return is made to Monitor.

If, according to the above time computations, a more recent set of 31 ob-
servations now appears in the data table, the data is smoothed; and inertial posi-

tion and velocity vectors, R3 and V 3 respectively, are generated representing

the computed time tag in the following manner.

a) Smoothed local position and velocity coordinates are first determined:

1) Let R., A., and E. bethe coordinates of the last observation of the
1 1 1

31 observi_tions span.
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2) The smoothed local position coordinates, Ri_15, Ai_15, and Ei_15,

are computed using 11 point almost least squares smoothing about
the midpoint according to the following formula:

Ci_15 =K 2 (Ci_16 +Ci_15 + Ci_14) -

Ci_20-Ci_10 + Ci_18 + Ci_17 + Ci_13 + Ci_12] + Ci_19 + Ci-ll 1

where C i assumes the values Ri, Ai, and E i respectively, on suc-

cessive computations K=(1/30)(MLU/ft} for Ci=R'I' and K=(1/30)

for C i = A i and Ci= E i.

3) In a similar manner, smoothed local velocity coordinates, Ri_15,

Ai_15 , and Ei_15, are computed using 31 point almost least squares

smoothing about the midpoint according to the following formula:

cil LIi2 2
i-12

cj
j= i-ll

1
j= i-18 j= i-13 j= i-17

Ci defined as above and L = (MTU/151.4)(MLU/ft) for C i = R i and

L=(MTU/151.4) for C i A land C i E i.

b) Position and velocity vectors, R'" = (X', Y", Z") and V'" = (:_7", Y", Z"),
in the local coordinate system of the transmitting radar are then com-
puted from the smoothed local coordinates as follows:

1) Position Vector R":

X"= R cos E sin

Y"= _ cos _ cos

Z ''= R sine

2) Velocity Vector V":

_('= l_cosEsin _. +_cosEcos A- t_RsinEsin
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Y"=Rcos ECOS A-ARcos E sin A- ER sine cos

Z" = R sin E + E R cos

c) The translation given by the equations below is then applied to the po-
sition vector R'" determining the position vector R" = (X', Y', Z') in a
geocentric coordinate system.

P _ X tp

Y" = Y"- R sin ( ¢- ¢')

Z'=Z"+Reos (¢-¢'} +H

where R is the radius of the earth, ¢ the geodetic latitude of the trans-
mitting radar, ¢" the geocentric latitude of the radar, and H its height
above sea level.

d} Finally, the position vector R" andthevelocityvector V'" are converted

to inertial position and velocity vectors R3, V 3 and stored as output in
TCFP16 + 7 thru TCFP16 + 12.

1) Geocentric position R" = (X', Y', Z') is converted to inertial posi-

tion R 3 = (X3, Y3' Z3) by first rotating the coordinate system about

the X axis to give a geocentric system with X and Y axes in the

equatorial plane and then about the Z axis to the true Mercury iner-
tial coordinate system as follows:

A = Xq + _,sta+_t

where

h = inertial longitude of Greenwich at tq o

sta = longitude of transmitting radar

oJ = angular velocity of the earth's rotation

t = elapsed time since t
O

X 3

Y3

Z 3

=-X" sinA- Y'sin¢ cosA +Z" cos ¢ cos

=X" cosA-Y'sin¢ sinA + Z" cos ¢ sinX

= Y'cos¢ + Z'sin¢

2) Local .velocity " V" = (X", Y", Z") is converted to inertial velocity

V3 = (X3' Y3' Z3) using the following formulae:
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X3 = -_'" sin_ - Ysin ¢ cos _+ Z"cos ¢cos_ -_Y3

Y3 X_ cos _ Y"sin ¢ sin _ + Z'"-- - cos _ sin _, + coX3

Z3 = _['"COS _ + Z" sin

e) In order to drive the strip chart displays, the R3 and V 3 vectors are

also converted to Burroughs/GE units and stored inlocations TCFP16

+ 1 through TCFP16 + 6.

f) Upon completion of these computations a valid data return is made to
Monitor.

usage3.6.4

a) Space Required: the program CCRAWR requires 592 core storage
locations. The storage required for the data table TMHRAE and the
table of edit parameters, TMHEDP, are not included in this figure and

require an additional 368 core locations.

b) Constants:

KM0000 DEC -0

K00001 DEC 1

K00002 DEC 2

K00003 DEC 3

K00006 DEC 6

K00009 DEC 9

K00090 DEC 90

K010.0 DEC 10.0

IL OMEG DEC eartWs rotational velocity (radians/sec)

KCH233 OCT 233000000000

c) Subroutines: The program CCRAWR uses the sin and cos subroutine
UISICO.

Time Required: Normal entry to the program requires the edit proc-

essing described in Previous Editing. On this assumption the timing
of the program is as follows:

1} Edit: 196 machine cycles for first point
93 machine cycles for each additional point

2) Smoothing and conversion: .02 sec.

d)
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e) Checkout:

1) Several test cases were run generating vectors on the CADFISS I
Launch trajectory at 10 second intervals. All of these cases agreed
with listings of the nominal trajectory.

2) The program has been an operational processor of the Mercury
System since March of 1961.
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_A \ (SEE SHEET 2)
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(11 PT. SMOOTHING)

t
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1
COMPUTE:

R3= f(Ri-15, -Ai- 15, Ei- 15)

V3 = f (Ri'-15, Ai-15, El-15, I_i--15, %-15, !_i-15)
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COMPUTE
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FIGURE 3-6. CCRAWR PROGRAM FLOW CHART (Sheet 1 o[ 4)
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FIGURE 3-6. CCRAWR PROGRAM FLOW CHART (Sheet 3 of 4)
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FIGURE 3-6. CCRAWR PROGRAM FLOW CHART (Sheet 4 o[4)
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3.7 STRIP CHART CALCULATION PROGRAMS (CCSTIP_ CCSTGE, and
CCST16)

These programs form the second level of launch processing and are used
only from lift-off to hold. The main purpose of the strip chart programs is to-

a) Prepare output for the Data Quality Monitor at Cape Canaveral using
all data received from the B-GE and IP 7090 systems and the AN/FPS-
16 radar.

b) Perform a gross edit check on the selected source data.

c) Computes and stores the following parameters in the output table
{TCCOUT) from the selected source data.

1) height {h)

2) inclination angle (i)

3) flight path angle (y)

4) velocity ratio (V/Vr)

5) down range distance (d)

6) cross range distance {s, sometimes referred to as y)

The flow chart for the Strip Chart programs is shown in Figure 3-7.

3.7.1 Input Requirements

The Strip Chart programs use the following library routines;

a) UiSQRT--square root

b) UISICO--sine/cosine

c) UIASCO--arc sine/arc cosine

d) UIATNAmarc tangent A

The coordinate conversion programs, CCGEB1 and CC7091, andthe raw ra-
dar data processor program, CCRAWR, supply the Strip Chart programs with R,
V, and t in inertial coordinates and an indicator set in the accumulator to whether
this is the selected or non-selected source (0 means selected, 1 means non-

selected).
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The R, V, and t input to the Strip Chart programs will be located in one of
the following tables:

B-GE Data Entry from CCSTGE

TCBEGI Time Since Lift-Off Seconds Floating Point

+ 2 B-GE Units Floating Point
+ 3 R1G

+ 5 V1G B-GE Units Floating Point
+ 6

+,}+ 8 R 3 Mercury Units Floating Point
+ 9

+i0 }+11 V 3 Mercury Units Floating Point
+12

+ 13 TCCOUT Address Fixed Point B35

+ 14 TCCOUT + 2 Address Fixed Point B35

IP 7090 Data Entry from CCSTIP

TCIP71 Time Since Lift-Off Seconds Floating Point

+ 2 RII B-GE Units Floating Point
+ 3

+ 5 VlI B-GE Units Floating Point
+ 6

+ 8 R 3 Mercury Units Floating Point
+ 9

+i0 }+ 11 V 3 Mercury Units Floating Point
+12

+ 13 TCCOUT + 1 Address

+ 14 TCCOUT + 3 Address

Fixed Point B35

Fixed Point B35
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Raw Radar Data

TCFPI6

+ 2 RIM
+ 3

+ 4 } VIM
+ 5
+ 6

+ 8 R 3
+ 9

+10}+ 11 V 3
+12

+ 13 TCCOUT + i

+ 14 TCCOUT + 3

Entry from CCST16

Time Since Lift-Off Seconds

B-GE Units

B-GE Units

Mercury Unls

Mercury Units

Address

Address

3.7.2 Output Requirements

The Strip Chart programs output the following data:

a) B-GE Data

TCCOUT

TCCOUT+ 2

Y - Ynom

V/V r - (V/Vr)nom

b) IP 7090 or Raw Radar Data

TCCOUT+I
Y- Ynom

TCCOUT+ 3 V/V r - (V/Vr)nom

c) Selected Source Data Only

TCCOUT +19 H

Floating Point

Floating Point

Floating Point

Floating Point

Floating Point

Fixed Point B35

Fixed Point B35

Radians Floating
point

Floating
point

Radians Floating

point

Floating
point

Nautical Floating
miles point
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+ 20 y Radians Floating
point

+ 21 i Radians Floating
point

+ 22 V/V r Floating

point

+ 24 d Nautical
miles

+ 28 h (same as+19) Floating
point

TCMANR+ 7 Cross range Nautical Floating
distance miles point

+8
y - Ynom Flight path Radians Floating

angle deviation point

+ 9 V/V- (V/Vr)no m Velocity ratio
deviation

Floating

point

+ i0 d Down range
distance

Nautical Floating
miles point

B/GE Floating
point

Ft/Sec Floating
point

If the input data is the selected source and if it passes the gross edit check,

then the R3' V3 and t are storedin the main computation table (TCMANR)for use

by the Main Calculation program (CCMAIN).

3.7.3 Mqthod

The strip Chart programs compute two quantities output to the Data Quality

Monitor: 1) ( y- Ynom) , the deviation of the flight path angle from the nominal,

and 2) V/V (V/v)n ° the deviation of the velocity ratio, are calculated for

every piece of data received. The nominal values for y and V/V are computed

by a curve fit as a function of time since lift-off. Each of the quantities has a

curve to be used below staging (booster engine cut off) and another above stag-
ing. During powered flight, that is, before sustainer engine cutoff or abort ini-
tiate has occurred, the elapsedtime of each observation is used. Since the curves
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for computing nominal y and V/V are based on powered flight, any observation
r

occurring after power cut-off uses the time of power cut off. Thus the nominal
value is frozen after power cut off.

At present, the inertial R3 is converted to the pad coordinate system {R2 },

and output quantities for down range (d) and cross range distances (s) of capsule
position are calculated {see Subsection 3.7.5).

When selected source is being processed, the data is submitted to a gross

editing test which determines whether or not the data is acceptable {close to

nominal). If the value for (Y- Ynom ) or _[V/Vr - (V/v)nom]_ exceeds its respec-

tive maximum bound, the data is rejected and an indication is given to the Moni-
tor suffix that the data is assumed to be missing. This gross edit is skipped if
an abort has occurred before tower separation. In this case, the observations

may not agree with the nominal case, but they should be processed as valid
observations.

After the gross edit is completed or skipped, the inertial R 3, V3, and t vec-

tors are transferred to the Main computation program (CCMAIN). The capsule

height (h) is calculated and compared with the minimum altitude for medium
abort. If (h) is below this value the h altitude counter is set to zero, if above
this altitude, the counter is incremented by one. Three or more consecutive ob-
servations from the selected source which are above this minimum altitude will

cause the program to enter medium abort if abort were recommended.

The inclination angle (i) is computed by:

hx--Y, - z,L

hy = Z,X,- X, 7,,

hz= X,_ r, - Y,X,

where X., Y,, Z., :K., Y., Z,

are vector components

h2
i = arc tan X +

h z

and is stored in the output table (TCCOUT) and the program returns to Monitor.

The Strip Chart programs are accurate to at least 7 decimal digits.

3.7.4

a) Calling Sequence - Three entry points are available

B-GE Data- CCSTGE
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IP 7090 Data - CCSTIP

Raw Data- CCST16

b) Space Required

35410 cells excluding input and output tables and subroutines

c) Coding Information

Main Launch Tables, TCMANR and TCCONS are used.

MCLFTM contains time of lift-off(floatingpoint - seconds)

Return to Monitor - MFSTRP

d) Constant Used

KLAMDO Longitude of Greenwich at midnight preceding
launch

e) Timing--approximately 42.8 milliseconds (709).

f) Checkout--the Strip Chart programs have been checked out using data
supplied by NASA personnel located at Langley Field, Va.

3.7.5 Conversion of Inertial to Pad Coordinates

R2__w__ BT ° y3 - 0
3 R

where:
-cos flo sin flo 0 /AT=_-: in rio -cos flo 00 1

sin Lp 0 :OSLp/
BT= 0 1

cos Lp 0 sin Lp /

cos 12 sin 12 0 /
C T= sin 12 cos 12 0

0
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R rl . •= cos L , R = r sin L
x o p z o p

f_ =fl+_t
0

_o is the inertial longitude of the (d, s, w) origin at lift-off.

t is time measured from lift-off.

L" is the geodetic latitude of the (d, s, w) origin
P

_o is the launch azimuth from north, positive clockwise when looking
down

r o is the distance from the geo-center to the (d, s, w) origin

L is the geocentric latitude of the (d, s, w) origin
P
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FIGURE 3-7 STRIP CHART PROCESSORS FLOW CHART (Sheet 1 of 2)
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3.8 LAUNCH PHASE MAIN CALCULATION PROGRAM (CCMAIN)

The function of the CCMAINprogram is to monitor the behavior of the launch
vehicle during the powered flight phase of a Mercury mission. One main objec-
tive of CCMAIN is to compute the GO, NO-GO recommendation which provides

the Flight Dynamics Officer (FIX)) at the Mercury Control Center with the nec-
essary data for the decision to let the capsule go into orbit or to abort the mis-
sion. The other objective is to compute the time to fire the retrorockets to land
within a selected recovery area in the event of a capsule abort. The flow chart

for the CCMAIN program is shown in Figure 3-8.

3.8.1 Input Requirements

Telemetry signals indicating the following actions serve as input to CCMAIN:

a) Lift-off

b) Tower separation

c) Power cut-off

d) Capsule separation

e) Number of posigrades fired.

In addition to these inputs are: time, position, and velocity vectors.

Provision is made for gross editing of input data to reject data which obvi-
ously is of incorrect magnitude.

3.8.2 Output Requirements

The outputs of the CCMAIN program are: present capsule position, mini-
mum delay impact point, maximum delay impact point, recovery area, time of
firing retroroekets, GO, NO-GO. The minimum delay impact point is a point at
which the capsule would impact if power cut-off occurred at this instant and the
retrorockets would fire within the earliest time which is usually 30 seconds.

The maximum delay point is defined as an impact point with retrorockets firing
at the latest possible moment which is at an altitude of slightly higher than
450,000 feet.

The outputs of CCMAIN at the end of powered flight are the GO, NO-GO
recommendation and the time to fire retrorockets to have the capsule land in a

selected recovery area.

3.8.3 Method

In operation, the CCMAIN program is guided in its computations by five
telemetry inputs. The first signal received by the program indicates that lift-off
has occurred.
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The next signal indicates that the separation of the escape tower from the

launch vehicle has occurred. Between lift-off and the time of tower separation
only one impact point is computed since retrorockets are not involved.

The next telemetry input signal would be a power cut-off signal which could
be initiated by either the sustainer engine cut-off signal or the abort initiate sig-
nal. Shortly thereafter, a capsule separation signal together with a signal indi-
cating the number of posigrades fired to separatethe capsule fromthe sustainer

engine are input to CCMAIN. Using the posigrade signal the CCMAIN program
computes a posigrade velocity increment and adds this to the known velocity of
the sustainer engine. After capsule separationtheprogramgoes into the GO, NO-
GO computation. This computation uses 10 consecutive inputs which include R,
V, and t vectors. Ten computing cycles after capsule separation the data is sta-
tistically analyzed for deviations within the data greater than the allowable limit.
When the statistical analysis is concluded the remainder of the data is averaged
and used to compute the final GO, NO-GO recommendation and the final time at

which retrorockets should fire if the mission is to abort. The program remains
in the hold phase awaiting an abort or orbit decision by the Flight Dynamics Of-
ficer from the Mercury Control Center.

The following pages contain a more detailed discussion of the individual
blocks depicted in the overall CCMAIN program flow chart. In reading the de-
tailed method of CCMAIN operation, the flow chart (located on page3-125)may
be extended thereby allowing the reader to locate each block in relation to the
overall diagram.

3.8.4 Usage

CCMAIN uses three tables, TCCOUT (Table 3-2), TCCONS (table 3-3) and
TCMANR (Table 3-4). The formats of these are shown onpage 3-105. A listing of
the nomenclatures of R and V for the launch phase is shown on page 3-123.

a) Timing

CCMAIN is in operation once every half secondwhen data is available.
The actual time of computation is approximately one fifth of one
second.

b) Checkout

CCMAIN is operational in the Mercury Program System.
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CCMAIN (Figure 3-9)

The purpose of this first logical block in CCMAIN is to calculate the cap-

sule's present position _pp; )_pp. In addition, it calculates pointing data to be sent

to Bermuda a total of four times during launch, at 30 second intervals starting
at 150 seconds after lift-off.

Upon entering CCMAIN with a vector and its time tag (Ti) the time tag is

converted to GMT by the addition of lift-off time Tno w -- T.1 + TL0." This GMT

time and the R vector serve as input to the A3MSCP program which produces as
output the latitude and longitude of the capsule's present position. These quanti-

ties are then stored in TCCOUT + 5 and+ 6 for display on the wall map at Cape
Canaveral. Also, the magnitude of the R and V vectors are computed using the
following equations:

]R3]--_/X32 +y32 + Z32

I V31-- _/(X3 )2 ÷ (_)2 + (_,3)2

I R 3] and ]V3] are then stored in TCMANR + 31 and + 32 respectively. Then a

subprogram, MMAQA (see Subsection 3.9), determines the need for the compu-
tation of pointing data for Bermuda and generates the required data if necessary,
and stores them in the table TMLABF. Control then goes to CCMLS.

CCMLB (Figure 3-10)

This block determines whether the escape rockets have fired, stores the
time at which firing occurred and determines the need to modify the reported

velocity (V3). This modification can only take place if the data is B-GE or
Azusa.

The program checks the cell (TCMANR+ 21)for the presence of the "Es-
cape Rockets Fired" (ESCR) bit. If the bit is absent, the cell (TCMANR + 194)

containing the time of the event is cleared, and control goes to CVESC + 1. If the
ESCR bit is present and detected for the first time, the time of this event is
stored in (TCMANR+ 194), the print message for on-line printing is set up using
subroutine PSIP and control goes to CVNPR. If the ESCR bit is present now and
was also present before, a test is made to determine the source of the current
data. If the current data is either B-GE or Azusa control goes to PREVV, other-
wise (data being either raw or processed AN/FPS-16) control is transferred to
CVESC +i.

CVESC + h The velocity V8 is set equal to the velocity V3 because there is

no need to add the velocity increment dueto the firing of escape rockets. Control
is then transferred to CCMLD.
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SEE SEPARATE FLOW
CHART FOR MMAQA

(FIGURE 3-41)

COMPUTE:

Tno w = TL.O. + T i \

(_pp Xpp = f _R3; Tnow)

STORE (_pp ; _.pp IN TCCOUT/

R3I- _/ ×32+Y32+ z//

V31= _ i32+ +32 + i32 /

_NEED ACQUISITION DATA '% NO

E COMPUTED IN THIS CYCLE?/
/

YES

COMPUTE ACQUISITION )DATA.

FIGURE 3-9. CCMAIN BLOCK
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__ WERE ESCAPE
CCMLT ROCKETS

FIRED?

YES 1

( 'sTESCR = 0?

NO

RRNPR

IR IS AN/FPS-16 '_

AW OR PROCESSED)_
USED IN THE /

COMPUTATION /f

YES

CVESC

NO I SET
_-_ TESCR = 0

CVNPR

STORE \ / IS AN/FPS-]6 \

TESCR=TiT \ _ /(RAW OR PROCESSED)_NO
PRINT: ESCAPE /_'_ USED IN THE

,

I SET 1Ivel=lv31

FIGURE 3-10. CCMLB BLOCK
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CVNPR: If the current datais either B-GEor Azusa control goes to CCMLC,
otherwise control goes to CVESC + 1.

CCMLC (Figure 3-Ii)

The velocity increment due to firing of escape rockets is computed as a
function of altitude.

Two polynomial expressions are necessary to fit the curve properly. If the
altitude is below 80,000 feet (TCCONS + 70) a third degree polynomial is solved.
If the altitude is above 80,000 feet a second degree polynomial is solved. Either

of the above polynomials computes the increment of velocity due to firing of es-

cape rockets (Vll). The quantity (1 + n) where n= _-_3_is computed for subsequent

use (in PREVV) as a multiplier used to modify V3. Control then goes to PREVV.

PREVV (Figure 3-12)

The velocity (Va) incorporating the velocity due to firing of escape rockets
is computed as follo_cs:

V8 = V3 (i + n)

IVsI --IV3](l+n)

where (i+ n) was computed in CCMLC. Control then goes to CCMLD.

CCMLD (Figure 3-13)

This block computes _bip and lip , i.e., the latitude and longitude of a point

at which the capsule would land if an abort occurred at this time.

In this computation three cases are considered:

a) The apogee height is below 5,000 feet. In this case the present sub-

capsule position is considered a sufficient approximation of the ¢IP

and _'IP"

b) The apogee height is between 5,000 and 228,000 feet. In this case the

impact point at the altitude hfl is computed.

c) The apogee height is above 228,000 feet. In this case the impact point

at the altitude hf2 is computed.

The altitudes hfl and hf2 (sometimes referred to as fictitious impact alti-

tudes) are used because the ¢ and _, at hfl or hf2 are a good approximation of the

3-46



MC 105

COMPUTEIVll I = f(h)

n = I.k_
Ivs I

FIGURE 3-11. CCMLC BLOCK
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I V8 = V3 (n+ I) 1
JvsJ=iv31(.+l)

FIGURE 3-12. PREVV BLOCK
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• //STORE (_;AOF PRESENT\

/POSITION (AS CO_APUTED _

( IN CCML.A) IN MAIN )
OUTPUT TABLE AS IP /

BEFORE TOWER /
SEPARATION /

I

(X3 )(8+ Y3 ';'8 + Z3 Z8 )2
"= 2-1R31 I VpI 2

I R31
hop= 2-1R31 tVet 2 (I+-)-R,

!

YES ( IShap<- hfl ?

CKNOC _ NO

NO ( IS
hap > A?

COMPUTE:

Xse = )(8+°J Y3
• •

Ys,--Ys- x3
Z8e = Z 8

SET: Vx= VSe and hfx=hfl

+ [I R 3 I I V 8 I 2-

YES

COMPUTE:

Rfx jar= f (R3 i Vx i hfx)

i A = f (Rfx J TNOW +At)

STORE_ X IN MAIN OUTPUT
TABLE AS IP BEFORE TOWER

SEPARATION

MC 105

CKYES

7 = _78

hfx = hf2

I

NOTES

At = TIME REQUESTED TO CHANGE

POSITION FROM R3 TO Rfx"

hfl AND hf2ARE PRESET PARA-

METERS REPRESENTED FIC-
TITIOUS IMPACT ALTITUDES.

Ti IS THE TIME TAG OF THE VEC-
TOR MESSAGE.

1
CGI N

STORE IN MAIN OUTPUT TABLE: \

RECOVERY AREA A Atr= 0 \

-_-AS IP FOR MAX DELAY )

STORE CURRENT TIME TAG IN TIME TAG/
FOR MISSING DATA SET /

CJ_TRC= 0 IN TCCOUT TABLE /

FIGURE 3-13 CCMLD BLOCK
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actual IP (computed using numerical integration method). The C9RVTH program
is used to simulate the path of the capsule.

The block starts with computation of apogee height:

I R3[

hap = 2 - IR31 IV812 (1+ e) - R e

where:

=:X3_:8 : Y3% + Z3Z8 )2
e i IR-_--- +_R3,,V8,2 - 112

JR31 IV812

and R is the nominal radius of the earth.
e

Next hap is compared with hfl. If hap is greater than hfl control goes to

CKNOC, otherwise the Cpp and ). (previously eomputed in CCMAIN) are storedPP
in TCCOUT + 7 and TCCOUT + 8 respectively and control goes to CGIN.

i) CKNOC

The apogee height (hap) is compared with the contents of (TCCONS + 32). If

h is greater, control goes to CKYES, otherwise the rotational velocity vector
ap

V8e is computed as follows:

X8e = X8 + oJY3

%e

Z8e = Z8"

m

Next the calling sequence for C9RVTH is set up so that V8e and hfl are used.
Control then goes to CALS8 + 1.

2) CKYES

The calling sequence for C9RVTH is set up so that V8 and hf2 are used.
Control then goes to CALS8 + 1.
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The C9RVTH program is used to compute the R at the previously selected
fictitious impact altitude. The time (T) of arrival at this altitude is computed:

T=T +At
now

where A t was computed by C9RVTH.

The A3MSCP program is used to compute ¢IP and _, IP as a function of R and
T. Control then passes to CGIN.

4) CGIN

The following quantities are stored in the outputtable: GMTRC and At = 0
because retrorocket velocity is not used. r

The code of recovery area A is stored because this is the area in which
landing would take place if an abort occurred at this time.

The quantity -_ is stored as ), max to render motionless one of the arms on

plotboard 1. The time tag (Ti) is saved and control then goes to CCMLY.

CCMLF (Figure 3-14)

The F, H, and G counters which are used in the computing cycles after cap-
sule separation are initialized.

Q

The V12 vector is computed on the assumption that 3 posigrades would fire

if capsule separation occurred at this time.

8v121:iv3i+v

where V (TCCONS + 90) is the velocity increment supplied by the firing of 3 po-

sigrades. Control then goes to CCMLG.

CCMLG (Figure 3-15)

This block computes the minimum retrofiring height (hmi n ret) and certain

other parameters which are required in subsequent computations. (hmi n ret) is

the height at which retrorockets have to be fired to ensure their burnout at 450,000
feet which is considered the beginning of the atmosphere.
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I i = 0 k

G COUNTER = 10 k

H COUNTER = 0

F COUNTER = 0

COMPUTE

Iv]21 = Iv31 + Vp

_ _ Vp

FIGURE 3-14. CCMLF BLOCK

3-52



MC 105

COMPUTE

_°,n,.,-' ('_,_l)
L- ]R311V1212

LR31
M=2_

N = X3)(12÷Y3_'12÷Z3_'12

STORE
m

TNOW, R3, V12 ' IV12 j IN TCMANR

FOR USE IN CMMLG

FIGURE 3-15. CCMLG BLOCK
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2
hmin ret = a IV121 + b I V121 + C

where a, b, c are in (TCCONS + 72 - TCCONS + 74)

The next calculations are performed to obtain the parameters required in

the computation of eccentricity.

L = IR31 . I V121 2

M I R31

2-L

N = X3X12 + Y3Y12 + Z3Z12

The R3 and V--12 plus IV121 are then moved for use in the CMMLG section•

section. Control now goes to CMMLG.

CMMLG (Figure 3-16, pages 3-54 - 3-60)

This block computes the minimum delay impact point (¢min; Amin)and

maximum delay impact point (¢ max; )' max ), selects a recovery area, and com-

putes the estimate of the time delay to fire retros (Atr) to land in the selected

recovery area.

The minimum delay impact point is the point at which the capsule would

impact if retrofiring took place 30 seconds after separation of the capsule
from the rocket. The maximum delay impact point is the point at which the
capsule would impact if retrorockets were fired so as to complete burning at
450,000 feet.

The computation of these impact points is made using the C9RVTH program
(see Subsection 3.10) which simulates an elliptic trajectory, or the CHNOND
program (see Subsection 3.11) in the case of low eccentricity. The EMFIT
program (see Subsection 3.9) is used in addition to C9RVTH (or CHNOND) when
velocities exceed 21,000 feet/sec because a more accurate impact point will be
obtained. The R6BOTH program (see Subsection 3.13) is used to simulate
retrorocket firing.

For velocities below 21,000 feet/sec an impact point at an altitude of
100,000 feet above a spherical earth, referred to as a fictitious impact altitude,

is a good approximation of the actual impact point.
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The block begins with the computation of eccentricity (e),apogee height

Chap),perigee height (hper).

e = + (L - 1) 2

h = M (1 + e) - R
ap e

her = M (l-e)- R e

(M, N, L have been computed in either CCMLG or CMMLJ, R
e

representing the nominal radius of the earth).

is a constant

The "XB indicator" and the "Many areas indicator" are initialized.

If the G counter is 9 or 10, the time delay for the computation of the mini-

mum delay IP (3 t r min) is initialized at 30 sec, otherwise:

At r min = 30 - (T i - t) where T i is either the time tag of the current

vector or the time contained in cell MCSELM and the computation continues
at CKTES.

The following is a more detailed discussion of blocks 1 through 36 that
make up the overall CMMLG diagram shown on page 3-65.

CKTES (BLOCK 1)

A test of velocity is made to determine the method of computation of impact

points, hmi n ret is the altitude at which the retrorockets should begin firing to

completely burn out at 450,000 feet.

If I V121 is smaller than B (TCCONS + 76) control passes to CSTLU, other-

wise her is compared with hmi n ret"

If hmin ret is larger than hper
passes to CKYS.

control passes to CKNOD, otherwise control

CSTLU (BLOCK 2)

The parameter At r is set equal to a nominal value (TCCONS + 30) and

stored (using subroutine CKEN). Next, the calling sequence for C9RVTH is set
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up in order to compute the R4 and V4 at time T4where T4--T +tnow r min"
If C9RVTH comes to the error return, R4 and _¢4are computedusing CHNOND.

Next, the calling sequencefor R6BOTHis setup to compute R5 andV5 after
retrofire. Then the calling sequencefor C9RVTHis set up to compute the R, T,
at the fictitious impact altitude hf2. If C9RVTHcomes to the error return then
the R and T are computedusing CHNOND.

The aboveR and T are used to compute Cmin and Xminusing the A3MSCP

program (see Subsection 3.14). Cmin and _,min are stored in (TCCOUT + 7)
and (TCCOUT+ 8) respectively.

The apogeeheight hap is compared with hmin ret" If hap is larger than or
equal to hmin ret' control is passed to CKMIP, otherwise control is passedto
CKSET.

CKMIP (BLOCK 3)

This routine computes the IP for firing retros when the capsule has reached

the altitude hmi n ret (also referred to as maximum delay IP, Cmax; hmax )" The

calling sequence for C9RVTH is set up to compute R4 and V4 at altitude hmi n ret

and also the time (Atmax) which will elapse until this hmi n ret is reached.

= + AtT4 Tnow max

If C9RVTH comes to the error return, the R4' V4 and At are computed

using CHNOND. Next, the calling sequence for R6BOTH is set up to compute

R5 and V5 after retrofire. Then the calling sequence for C9RVTH is set up to

compute the R and T at the fictitious impact altitude hf2. If C9RVTH comes to

the error return then _ and T are computed using CHNOND.

The above R and T are used to compute Cmax' hmax using A3MSCP. Cmax

and _ are stored in (TCCOUT + 11) and (TCCOUT +12)respectively andmax

control goes to CKST1.

CSK2P (BLOCK 4)

This block ensures that the longitude ;t max in (TCCOUT + 12) is less than

2 _. Control then goes to CCMLQ which is outside of the block CMMLG.
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CKNOD (BLOCK 5)

The calling sequence for C9RVTH

V 4 at time T 4 where T 4 =Tno w + At r min"

is set up in order to compute R4 and

If C9RVTH comes to the error return, R4 and V4 are computed using CHNOND.

Next, the calling sequence for R6BOTH is set up to compute R5 and V5 after

retrofire. The magnitude ( i R5i ) of the R5 vector is computed using library

subroutine U3VMAG. Next, the altitude after retrofire (h 5) is computed:

h 5 =lR51 - R e

If h 5 is greater than or equal to 450,000 feet, control goes to CKABY.

Otherwise, control goes to CKABN.

CKABY (BLOCK 6)

The calling sequence for C9RVTH is set up to compute R6' V6 and T 6 at

the altitude of 450,000 feet. If C9RVTH comes to the error return R 6, V 6 and

T 6 are computed using CHNOND. Next, the latitude ((56) and longitude (£6) at

450,000 feet are computed using the A3MSCP program. Next, the magnitude

(JR6]) of R6 and the magnitude ( I V6t ) of V 6 are computed using the library

subroutine U3VMAG. The flight path angle (y6) at 450,000 feet is computed:

Y6 = arc sin

X6:_ 6 + Y6Y6 + Z6i 6

I R6 [ IVBI

and control is transferred to the EMFIT program which computes ¢min and

X rain" Next, h is compared with hmi n ret" If hap is greater than or equal toap

hmin ret control is passed to CKABZ, otherwise control passes to CKRTN.

CKABZ (BLOCK 7)

The calling sequence for C9RVTH is set up to compute R 4, V 4 at the alti-

tude hmi n ret and also the time (htmax) which v}ill elapse before this hmi n ret

is reached.

= + At
T4 Tnow max"
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If C9RVTH comes to the error return, R4' V--4andAtma x are computed using

CHNOND. Next, the calling sequence for R6BOTH is set up to compute R5 and

V5 after retrofire. The magnitude (I R 5] ) of R5 is computed using library sub-

routine U3VMAG. Next, the altitude after retrofire (h5) is computed:

h 5 = IR51 - Re

If the magnitude of the difference between h 5 and 450,000 feet exceeds the

limit specified in (TCCONS + 128), control passesto CKACZ. Otherwise, control

goes to CKAAZ.

CKRTN (BLOCK 8)

The time to fire retros At is set to At
r r rain

CKEN). Control then passes to CKSET.

and is stored (using subroutine

CKSET (BLOCK 9)

The latitude¢ max is set equal to the latitudeCmin" The longitudeA max is

set to the contents of location (TCCONS + 115). Control then passes to CKST1.

of

CKACZ (BLOCK i0)

The altitude(h4)at which retros should begin firing,used in the computation

is recomputed:
max'

h4 = hmin ret - (h5 - 450,000 feet).

The calling sequence for C9RVTH is set up to recompute R4' V4 at the

altitude h 4 and also the time (Atmax) which will elapse before h 4 is reached.

= + AtT4 Tnow max

If C9RVTH comes to the error return, R4, V4 and At are computed using

CHNOND. Next, the calling sequence for R6BOTH is set up to compute R5 and

_5 after retrofire. Control then passes to CKAAZ.

CKAAZ (BLOCK 11)

The calling sequence for C9RVTH is set up to compute l_6, _6 and T6 at

the altitude of 450,000 feet. If C9RVTH comes to the error return, R6' _¢6 and
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T6 are computed using CHNOND. Next, the latitude (¢6) and longitude (_6) at

450,000 feet are computed using the A3MSCP program. Next, the magnitude

(IR6[) of the R6 and the magnitude (I V61 ) of _¢6 are computed using the library

subroutine U3VMAG. The flight path angle (y6) at 450,000 feet is computed:

X6:_ 6 + Y6Y6 + Z6Z 6

Y6 =arc sin IR61 ] V61

and control is transferred to the EMFIT program which computes ¢max and

max" If the magnitude of the velocity, [V121, is less than the constant in loca-

tion (TCCONS + 12), control passes to CSETA. Otherwise, the inclination angle

is tested. If the inclination angle is larger than or equal to the constant in loca-

tion (TCCONS + 129) control passes to CT340. Otherwise, the longitude min

is tested. If _ min falls between the longitude of recovery area E and the longi-

tude constant in (TCCONS), control is transferred to CSSEE (see block (35)

for operational reason), otherwise control passes to CSTAE.

CKYS (BLOCK 12)

The calling sequence for C9RVTH is set up to compute the R4 and V4 at

time T 4where T 4= Tno w+ Atr min"

If C9RVTH comes to the error return, R4 and V 4 are computed using

CHNOND. Next, the calling sequence for R6BOTH is set up to compute R5 and

V5 after retrofire. Then, the calling sequence for C9RVTH is set up to compute

R6' _6 and T 6 at the altitude of 450,000 feet.

If C9RVTH comes to the error return R6' _¢6 and T 6 are computed using

CHNOND° Next, the latitude (¢6) and longitude (_,6) at 450,000 feet are computed

using the A3MSCP program.

Next, the magnitude (I R6h ) of R6 and the magnitude (IV61) of V6 are com-

puted using the library subroutine U3VMAG. The flight path angle (y6) at 450,000

feet is computed:

X6:_ 6 + Y6Y6 + Z6Z 6

Y6 =arc sin IR 61 IV 61
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and control is transferred to the EMFIT program which computes Cmin and
If _ is larger than the constant in {TCCONS)control goesto CKABW;rain" min

otherwise, control passes to CSSEE.

CSSEE {BLOCK 13}

The code for recovery area E is stored in {TCCOUT + 17} and the longitude

of recovery area E {XE } is stored in {TCMANR + 182} and control passes to

CLDTM.

CKABW {BLOCK 14)

The code for recovery area XB is stored in {TCCOUT + 17} and the longi-

tude of recovery area XB { XXB } is stored in {TCMANR + 182). The "XB indi-

cator _, interrogated in CKDTR, is set in {TCMANR + 187). If the magnitude of

the difference between X min and _'XB is largerthan the limit stored in {TCCONS

+ 94}, control passes to CKBW. Otherwise, control goes to CLDTM.

CLDTM {BLOCK 15}

The time to fire retros {Atr} is made equal to At r min" Control then goes

to CLCDT.

CLCDT {BLOCK 16}

The time At r is converted from floating point seconds to integral minutes

and seconds and stored in {TCCOUT + 14}. Control then passes to CLSNI.

CKBW {BLOCK 17}

The time delay to fire retros {At r max } is arbitrarily set to the constant

in location {TCCONS + 95).

The calling sequence for C9RVTH is set up to compute the R4 and V4 at

time T 4 where T 4 =Tno w + At r max"

If C9RVTH comes to the error return, R4 and V4 are computed using

CHNOND. Next, the calling sequence for R6BOTH is set up to compute R5 and

V5 after retrofire. Then the calling sequence for C9RVTH is set up to compute

R6' _6 and T 6 at the altitude of 450,000 feet.

3-60



MC 105

If C9RVTH comes to the error return, R6' V6 and T6 are computedusing

CHNOND.Next, the latitude ( ¢6) andlongitude (_,6) at 450,000feet are computed
using the A3MSCPprogram.

Then the magnitude (I R61) of R6 andthe magnitude (IV61) of V6 are com-
puted using the library subroutine U3VMAG.

The flight path angle (y6) at 450,000feet is computed:

x6: 6 + 6 + 6
Y6 = arc sin IR61 IV61

and control is transferred to the EMFIT program which computes Cmax and

max" If _ max is greater than or equal to---_ control passes to CKAC. Other-

wise, 2 _ is added to _, and control passes to CKAC.max

CKAC (BLOCK 18)

The estimate of At
r

linear interpolation between At and Atr rain r max"

_min- _'sel ) (At -At min)
r max r

Atr _ min - ;'max

to land in the selected recovery area is computed by

At r mint

A t r is stored (using subroutine CKEN) and the"No iteration required" indicator

is cleared which will allow an iterative procedure to be used in CCMLR (see

write up of CCMLR). Control is then passed to CKDTR.

CKDTR(BLOCK 19)

If the "XB indicator _' is not set control passes to CSK2P. Otherwise, the

constant in location (TCCONS + 115} is stored in (TCCOUT +12} (thus super-

seding _'max which cannot be displayed on the plotboard) and control passes to

CCMLQ.

CKEN (BLOCK 20}

This is a closed subroutine which converts At from floating point seconds
r

to integral minutes and seconds and stores them in (TCCOUT + 14}.
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CKSTI (BLOCK 21)

The code for recovery area A is stored in (TCCOUT + 17)and control

passes to CLSNI.

CLSNI (BLOCK 22}

The "No iteration required" indicator is set (for use in CCMLR to indicate

that nothing is to be gained by tryingto refine Atr). _ max is stored in (TCMANR

+ 220) and control passes to CSK2P.

CKABN (BLOCK 23)

The calling sequence for C9RVTH is set up to compute the R, T at the alti-

tude hf2. IfC9RVTH comes to the error return then R and T are computed using

CHNOND.

The above R and T are used to compute _min and A rain using the A3MSCP

program. Cmin and Xmi n are stored in (TCCOUT + 7 and TCCOUT + 8) respect-

ively and controlpasses to CKRTN.

CLHMR (BLOCK 24)

This block determines the number of recovery areas that are located be-

tween _rain and _ max" There are 3 possibilities:

a) No recovery area between ),rain h max" In this case, control goes to

CLNON.

b) One recovery area between )tmi n and Amax" This is the usual case.

The code number of this area is then stored in (TCCOUT + 17) and

control goes to CKONE.

e) More than one recovery area between

control goes to CKMNY.

rain and )tma x. In this case,

CLNON (BLOCK 25)

The difference (6 2)between Areax andthe longitude of the adjoining recovery

area east of h is computed. The difference (6 1) between A rain and the adjoin-max

ing recovery areawest OfAminiS alsoeomputed. If62 is smaller than 31 control
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goes to

(TCCOUT

+ 182 and control goes to CLDTM.

CLEST, otherwise the code of the area west of _, rain is stored in

+ 17) and the longitude of this recovery area is stored in TCMANR

CLEST (BLOCK 26)

The code of the recovery area east of _ max is stored in (TCCOUT + 17 ),

the longitude of this recovey area is stored in (TCMANR + 182) and control

passes to CLDMX.

CKMNY (BLOCK 27)

Since there is more than one recovery area that could be selected a choice

must be made. Operational requirements demand selection of the easternmost

area, unless ithappens to be the area in the Indian Ocean (area XB). If the test

shows area XB is not the easternmost area, control is transferred to CLAXB;

otherwise, area E or E" (as determined inblockCLAEP or CSTAE) becomes the

selected area. The code ofthe area isstored in (TCCOUNT + 17) and the longitude

of the area is stored in TCMANR + 182. Control then passes to CK2F.

CLDMX (BLOCK 28)

The estimate of the time delay to retrofire (Atr) is set equal to the time

delay to retrofire associated with the (prior) computation of )tmax because

)_max is as close to ),sel as required by the tolerance limit or because this is

the best approximation that can be obtained when there was no recovery area to

choose from. Control then goes to CLCDT.

CKONE (BLOCK 29)

The longitude of the selected recovery area is stored in (TCMANR + 182)

and control goes to CK2F.

CK2F (BLOCK 30)

If A sel is as close to _,rain as the tolerance limit (TCCONS + 94) requires

control passed to CLDTM; otherwise, control goes to CL2F.

CL2F (BLOCK 31)

If _,sel is as close to _ max as the tolerance limit (TCCONS + 94) requires

control passes to CLDMX; otherwise, control goes to CKAC.

3-63



MC 105

CSTAE (BLOCK 32)

There are two interchangeable recovery areas, namely E and E'. The

longitude of area E is stored in the list of areas for future use. This is done
because the test of the inclination angle in CKAAZ determined that landing in

area E" is impossible. Control then goes to CLHMR.

CLAEP {BLOCK 33)

The longitude of area E" is stored in the list of areas because landing in
area E is impossible. (For detailed explanation see CSTAE above.) Control then

goes to CLHMR.

CSETA (BLOCK 34)

Recovery area A is being selected by storing itscode in (TCCOUT + 17).
This is done because control reaches this routine when the velocity is not high

enough to make the other recovery areas applicable. A t is set equal to a nominalr

value (TCCONS + 30) and is stored using subroutine CKEN. Control then passes

to CLSNI.

CT340 (BLOCK 35)

A test is made to determine whether _ rain is east of the longitude of re-

covery area E" If it is, this implies that in case of abort, landing must take place
east of area E. Although there is no other landing area between area E" and the
west coast of Africa, it is operationally desirable in this case to land (in case of

abort) west of 347 degrees ( = 13 degrees W) provided ), rain shows that this is

possible. Then program control passes to CSSEE. If the test shows that _, min is

not between the longitude of area E" and 347 degrees, program control goes to
CLAEF.

CLAXB (BLOCK 36)

The easternmost of the recovery areas between h min and }, max is selected

by storing the code of the area in (TCCOUT + 17) and the longitude of the area

in (TCMANR + 182).

The "many areas indicator" is set to signify to the CCLOK program that

another recovery area is also located between _ min and Xmax" Control then
passes to CL2F.

CCMLH (Figure 3-17)

The velocity increment due tothe firing of posigrade rockets is computed and
added to the input velocity. The flight path angle is recomputed to reflect this

change of velocity.
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CMMLG

/
e = n/.__. + (I- i) 2

Hap = (1 + e)m - Re

Hper = (1 - e)m- Re
CLEAR XB INDICATOR

G< 9?

YES

MCSELM> TCMANR?

SET

_tr min i

= 30 SEC.

Atr min i =3O-[MCSELM- ;7 J

I

|

CLEAR TCMANR + 219- I

IMANY AREAS INDICATOR

I _tr rain i =3o-LTCMANR-;]

SET

Atr min i = 0

I
® iCKTES

Iv121ORB = 21,000' / SEC I V121 ave < B?

NO _,

( Hper< /YESH min ret 9

FIGURE 3- 16.

G CSTLU

SETAtr

) J = 12°SECS"
_CKEN

STORE _t r
IN MAIN

OUTPUT TABLE

CMMLG BLOCK (Sheet ] of 7)
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Q CKYS

R4' V4 = f (R3' V12' Atrmini ) USING C9RVTH

RS' _5' TS = f(R4' _/4' [Tnow+Atrmin:] ) USING R6BOTH

R6' V6' T6 = f (R5' V5' Re' 450,000') USING C9RVTH

_6' X6 = f (T 6,

)'6 = arcsin

(_min' _min =

STORE IN

®

®

CKABW

CK BW

CLCDT

STORE Atr J

IN MAIN I-_ _.--ONI )

UTPUT TABLq

R6) USING A3MSCP

X6 )(6 + Y6 _'6 + Z6 7'61lIR6I Iv61

f (I V 6 l, .Y6 ) USING EMFIT

MAIN OUTPUT TABLE

t Q ,CS.S,EE

-- --) < ISET RECOVERY AREA J
_min > NO --_ODE E IN TCCOUT + 171.-

246.2? --I STORE _E IN /

YESt> I TCMANR + 182 /

STORE _xBIN TCMANR + 182
SET XB INDICATOR IN TCMANR + 187

SET RECOVERY AREA CODE XB IN TCCOUT

SETat,
Xmi n - _.XBIN_YES

< A_? ; J =Atrmin

SET T4max = 900 SECS.

R4' V4= f( R3 OR R3ave' V12 OR V12ave' T4max) USING C9RVTI"

T4 = [TNowORTnowav.] + T4max
I I

R5 V 5,T 5 = f(R 4, V 4 T4)USING R6BOTH

R6, V 6, T 6 = f(R 5, V 5, Re 450,000') USING C9RVTH

_6' X6 = f ( R6' T6) USING A3MSCP.

X6 X6 + Y6 _'6 + Z6Y6 = arcsin [ R61 [ V61 I
_MAX'XMAX = f(I V6l, Y6 ) USING EMFIT.

STORE IN MAIN OUTPUT TABLE

FIGURE 3- 16. CMMLG BLOCK (Sheet 2 of 7)

_'max

90°?

NOt

_max _

Xma x + 2rr
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® CKAC

®

_t 0_min-)_sal) (T4max- Atr rain i )
= + Atr min i

r ()_min - _max )

STORE _'max IN TCMANR +220.

STORE At r IN MAIN OUTPUT TABLE

SET NO ITERATION COUNTER = 0 (ITERATION NECESSARY).

(_ CKDTR

IS xg
INDICATOR

SET?

CSK 2P

IS _'max

2rt?

YEsJ
STORE 8 ° AS

MAXIMUM PLOT

BOARD DISPLAY

FOR _'max.

YEs1
REDUCE

_" max by

2_'.

I L

FIGURE 3-16. CMMLG BLOCK (Sheet 3 of ?)
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® CKSET

?
CSTLU + 3 y

[(Tno w OR Tno w ave)+ atrmini] = T 4

R4, 74 = f (_'rmini, R3 OR R3av,, ?3 OR 93 ave) USING C9RVTH

RS, 95. T5 = f (R4, 74, T4) USING R6BOTH

R6, T6 : f(R5, V5, Re, Hf2) USING C9RVTH

_min, _.min = f(T6, R6) USING A3MSCP

STORE 9_nin I _.mln IN MAIN OUTPUT TABLE

t
1

hAp >-

hmin ret 9

NO _+

IN TCCOUT SET

_mo_ : _mi.

_'max = 8°

Q (CKMIP)

R4, 94,"_* = f (R3 OR R3ave, V 3 OR V3av. , Re, Hmin ret) USING CgRVTH

't4 = [ Tn°w OR Tnow ave] -I- _t

R5, V5 : f (R4, 94, T4) USING R6BOTH

R6, T6 : f (Rs, 95, Re, Hf2) USING C9RVTH

¢,.ox, ;_m°x: f (T6. _6) USINGA3MSCP
STORE 9_max & _max IN MAIN OUTPUT TABLE

Q CKST1

SET RECOVERY

AREA = A

IN MAIN OUTPUT

TABLE

, CLSNI

___ SET "NO ITERATION

NEEDED" INDICATOR.

STORE _max FROM

TCCOUT + 12

IN TCMANR + 220

FIGURE 3- 16. CI_LG BLOCK (Sheet _ o[ 7)
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CKNOD

T4= [Tno w OR Tnowove ] + Atrmini

R4' V4 = f(R3' V3' &trmini) USING C9RVTH

_5' V5' T5 = f(T4" R4" _74) USING R6BOTH

IRsl- %= Hs

CK ABY

1
L H5 >_.450,000' ?

YES I

®

R6' V6' T6= f(R5' 95' R

CKABN

R6' T6 = f(Rs' V5' Re' Hf2) USING C9RVTH

(_min' _'min = f(R6' T6) USING A3MSCP.

STORE (_min')tmin IN

MAIN OUTPUT TABLE.

°, 450 000' ) USING C9RVTH

¢6' k6 = f(R6' T6) USING A3MSCP

Y6: ARCSII_ X6 X6 + Y6 _'6 + Z6:76

JR6] Iv6t

_min' _'min = f(J V6 J, Y6 ) USING EMFIT

STORE _min" _min IN MAIN OUTPUT TABLE.

( "°,>"m..,)
.(2)

USING C9RVTH

T 4 _ Tno w + AT 4

Rs, vs, Ts-- ,OR4, % Tp US,NOR6BOTH

IRsl- R°= Hs

CKRTN W_

At r = atrmin i

STORE At r IN

MAIN OUTPUT TABLE

$
FIGURE 3-16. CMMLG BLOCK (Sheet 5 of 7)
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?
I oooo)> E? NO

Q CKACZ I YES

H4 = Hminret - H5 + 450,000'

R4' 94' AT4 = f(R3 OR R3AV, 912 OR 912 AV'

Re , H4) USING C9RVTH

T4 = AT 4 +(Tno w OR Tnowa v)

R5, V5, T5=f(R 4, V4, T4) USING R6BOTH

(

®
CSETA

i
,,2,v<

23,000"/SEC.? ANGLE DEVIATION

YES YES lCT340
ii

,t.E'<- 'kMIN< 347 °

NOI

SET CODE OF RECOVERY
AREA A IN h_lN OUTPUT
TABLE. SET At = 120

r
IN MAIN

OUTPUT TABLE.

CKAAZ 1,

R6' 96' T6 = f ( R5' 95' Re, 450,000")
USING C9RVTH

_'6' _6 = f ( 46' T6) USING A3MSCP

X6 )(6 + Y6 _'6 + Z6 :_6
76 = ARCSIN

I R61 I_V6 I

q_max'_'max = f(76' J V6 j) USING EMFIT

STORE (_max"_.max IN MAIN OUTPUT TABLE.

"_"/ _'E <_" min< 347 °

YELl

i

CSTAE

SETh FOR AREA E

AS LONGITUDE OF
RECOVERY AREA.

_CLAEP I

SETXFOR AREA E"

AS LONGITUDE OF
RECOVERY AREA.

I-
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_) CLNON Q CLH Q CKMNY Q

NO/_-/ I_'_-_'min I _ / HOW MANY _ / IS AREA XB
0 IRECOVERYAREAS_>ll EAC.,-_o_, uric'," _NO

>l_'E-_max I _ BETWEEN_.mi n _'_RECO'VE"R'YAREA_"

t ;ES / k &_'mox: / k ?YES /1 I@ CLEST = Q CKONE

SET Xo_ AS LON-

GITUDE OF RE-
COVERY AREA IN

MAIN OUTPUT

TABLE

SETX E AS LON-
GITUDE OF RE-

COVERY AREA IN
MAIN OUTPUT

TABLE

Q CLDMXI

SET A tr

= T4 max

_f

SET THIS AREA
AS RECOVERY

AREA IN
MAIN OUTPUT

TABLE

1 ;kmi n - _ ,el I
<AX?

Q NOI_,

CL2F T

k >Ax ?

CLAXB

SET EASTERN
MOST AREA AS

RECOVERY AREA.

SET TCMANR
+2]9- MANY

AREAS INDICATOR

SET AREA (E OR
E') AS RECOVERY

AREA IN
MAIN OUTPUT

TABLE

FIGURE 3- 16. CMMLG BLOCK ISheet 7 of 7)
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CHECK POSIGRADE /

TELEMETRY & SET

_ ACCORDINGLY.

IVlol=9 Vp
AND STORE

l
YES /SOURCE OF DATA

_, EITHER RAW OR/
\ PROCESSED /

AN/FPS - 16? /

NO

FPS

f SET /

_/12= V3; IV12t = Iv31

914 = 93; R14 = R3

I

co,PuTE: \
V12 = 3 \' _ / STORE IN\

IV MAIN/Lv,_i:lv_l+,vlo_;_ OU,_OT\
/ -r TABLE \

( V13 = V3 )

\IV131=IV31 STORE IV131 IN TCMANR+259 /

\ 7"= ARCSIN X3 )(12 + Y3 _'12 +Z3 7'12 /

,--_ /
\ STORE 7 INMAIN OUTPUT TABLE /

\ STORE 0' )2 'N TCMANR + 260 /

FIGURE 3-17 CCMLH BLOCK
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I vloi = n3 IVpi

where "n" is the number of posigrades fired and V
P

ment supplied by the firing of 3 posigrades.

is the total velocity incre-

A test is madeto determine the source of the input. If the data is AN/FPS-16,

the R3 and _3 are saved and control goes to CCMLI, otherwise V12 is computed

using the following equation:

{vlo )V12 = V 3 1 + iV 3

The following equation is then used to recompute the flight path angle:

Y = arc sin
X3X12 + Y3Y12 + Z3Z12

I R31 IV12 I

y" is then stored in (TCCOUT + 20) for display on the Flight Dynamics Officer's

Console and plotboard 1 at the Mercury Control Center. Control then goes to
CCMLL

CCMLI

CCMLI determines if this is the first pass after CAPS by testing the G
counter (TCMANR + 16) for a value greater than 9. If this is the first pass, a
transfer is made to CCMLK, otherwise, a transfer is made to CCMLL.

CCMLJ (Figure 3-18)

In this block the R3ave andV12av e are extrapolated to the nearest minute for

use by the orbit program. Based on velocity and flight path angle a GO, NO-GO
recommendation is made. If the recommendation is GO, the orbit capability is
also computed.

The GO or NO-GO recommendation is computed using a polynomial expres-

sion in Y to compute the minimum velocity required to enter orbit (Vgo).

The velocity vector V13av e and the velocity magnitude [ V131 ave are incre-

mented by the velocity due to the firing of posigrade rockets in the following
manner:

( Vl0/V12av e = Vl3av e 1 + I V13 [ ave/
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OR

N-N-1

<

COMPUTE

V]2ave = V13ave I V131ave

I v;2 lave= t V,3 lave+ I V,01

X3ave _'12ave + Y3ave _'12ave + Z2ave ")'12ave_
Yave = arcsin • I R3laveI v,2lave "

STORE Yave IN TCCOUT

EXTRAPOLATE R3ave AND'V12ave TO THE NEAREST MINUTE

OF GMT AND STORE WITH THE TIME IN TDRANY

CONVERT J R3 lave TO FEET = r

81 r + 81
K 1 K2

Vr =

CONVERT )'ave TO DEGREES

CONVERT 1%/12 laveTO FT/SEC

82+K_2y'ov.+ 82 (y,ov.)2V90 = V 8 K0 K2 - _ +

K3 ave K4 \Y ave

t

_ls tV,21a..->Vgo_ N°

SET GOINDICATORIN /

MAIN OUTPUT TABLE
PRINT:'GOIS

RECOMMENDED" N=6

_-t CSAXT

VN+I= V, KI,N+ 1 (ylo)4+

K2,N.I-1 (y ave) 3 +
K )2 +

3,N+1 (Y ave
K4,N+I (y evt) + K5,N+I

t
Is Iv121ov.>VN+l:

t NO

,_f IsN: 17)

YES

I SETN=OI

I

SET ORBIT
LIFETIME

=-(N+ 1)

CVNGO

CATOR AND ORBIT
LIFETIME= P IN MAIN

OUTPUT TABLE PRINT:

"NO-GOISRECOMMENDED"

>

FIGURE 3-18 CCMLJ BLOCK
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I Vl2 ave[-- [V13 ave] + IVlol

where I V13 ave [ is the magnitude of the average input vector I V31 plus the

tail-off velocity, which is currently assumed to be zero.

The average flight path angle ( y ave) must then be updated to the change

in velocity:

X3ave _12ave + Y3ave Y12ave +Z3ave Z12ave
)" -- arc sin

ave I R 3 ave] [V12 avel

The average position and velocity vectors are then extrapolated forward to
the next minute of GMT using the subroutine CVEXT and stored in the TDRANV
table for use by the orbit progrms.

The speed V R is computed as a function of the distance from the center

of the earth to the capsule.

K1 81 81r + K 2

VR -- _/r

where r-- [R3ave li n feet

81
K 1 -- -2.026218

81
K 2 -- 1.6229852E8

A minimum GO velocity is then computed as a function of V R and the flight

path angle as follows:

-- IK082 K181 , + K282 (y" ave )2+ K382 ,Vg ° Vr + Y ave (Y ave )

+ K482 (Y,ave)4 ]

The computed average velocity [V12avel is then compared with the minimum

GO velocity described above. If the average velocity is greater than or equal to
the minimum GO velocity, a GO is recommended, the orbit capability is then
determined in the following iterative manner.
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The capability speed VN+ 1 is computed where N is set to 6 or N + 1 is

the orbit capability, making the initial test for a 7 orbit capability.

r 4
(7"

3

VN + 1 Vr LK1, N + 1 ave)= - K2, N +1 ( y ave)

+K3, N +1 (Y'ave + K 4, N+ 1 (7 ave)

+K5, N +1

The speed V N + 1is then compared with IV12 avel" If it is larger than

VN + 1 the orbit capability is setto N + 1; if smaller, N is decreased by one and

a capability speed is computed using the above equation with the decreased

value of N. This is repeateduntil IV12 ave I is larger than V N + 1 or N becomes

zero. In either case, the orbit capability is set to N + 1. If a NO-GO decision

was made, the orbit capability is set minus to freeze the output displays and

clear the plotboards during the hold phase. The only values which are not frozen

are the orbit capability and the GO, NO-GO indicator.

Control is transferred to CCMLR after the on-line message for the GO,
NO-GO decision has been set up to be printed.

CMMLJ (Figure 3-19)

The height hmi n ret at which retrofiring must be initiated so that the retro-

rockets will burn out at 450,000 feet is computed. Certain quantities needed in
the computation of eccentricity are also calculated basedon the average position
and velocity vectors.

hminre t =alV12av e I 2_b iV12 avel-c

where a, b, c are in (TCCONS +72 - TCCONS +74)

L -- I R 3 avel. IV12 avel2

M I R3 I= ave

2-L
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COMPUTE:

hminret = f _1 V12ave ' )

L = I R31°v. I V12ov.12

Z12ave

_ N = X3av')(12ave+Y3av'Y12av'+Z3av'uSEINCMML/
COMPUTE Tno wave--Tl O + Tiave AND STORE FOR

STORE

\ R3ave;V12ave;'V12av'l INTCMANR FORUSEINCMMLG /

FIGURE 3 19 CMMLJ
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N -- X3ave X12ave+ Y3aveY12ave + Z3ave Z12ave

= TL.O. - T.Tnow ave 1 ave

The computations in this section are similar to CCMLG. Mean quantities, how-
ever, are used here. Transfer is then made to CMMLG.

CCMLK {Figure 3-20)

This block performs the initializations required for the accumulation of the

vector components obtained during the 10 passes after CAPS. This accumulation
is needed so that the average R and V can be computed in subsequent blocks.

Control then goes to CCMLL.

CCMLL (Figure 3-21)

In CCMLL the vector components are accumulated and the counters used in
the 10 passes are updated after CAPS. The program determines if the data is

AN/FPS-16, and if it is, it sums the R14 ' V14 ' and T14 by the addition of the

new values to the previous sum (TCMANR + 206 to + 212). Also the F counter
for AN/FPS-16 data (TCMANR + 192) received during these 10 passes is in-

cremented by 1. Control then goes to INCG.

If the data is B-GE or Azusa IV131 and y" are saved and a running sum of

• , ,)2IV131, Y , IV1312 (y is maintained. Also,--R 3, V13 and T i are saved in the

RVT70 table. A count of the number of points saved is maintained by the H

counter (TCMANR + 17). Control then goes to INCG.

INCG

The count of computing cycles after CAPS is maintained by the G counter
and control is transferred to CCMLW.

CCMLN (Figure 3-22)

The computation of mean R and V vectors is made. Statistical methods

(t distribution) are used to eliminate vector components which would bias the

mean. The inputs to the computation are the R 3 and V13 accumulated during the
10 cycles after capsule separation.

If five or more points are received during the 10 cycles following capsule

separation, a standard deviation ( 8 ) is calculated for both the velocity and the
flight path angle, according to the following formulas:
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m m

CLEAR 70 CELLS FOR 10 SETS OF R3, V13 ' T i (RVT70TABLE)

CLEAR 10 CELLS FOR 10 I V131 (TBV 13)

CLEAR 10 CELLS FOR 10 y" (TBGAM)

CLEAR ONE CELL FOR Z I V131 (TBS 13)

CLEAR ONE CELL FOR ,_ )," (TBSGM)

12CLEAR ONE CELL FOR 3' I V|3 (TBVSQ)

CLEAR ONE CELL FOR _, (),,)2 (TBGSQ)

CLEAR SEVEN CELLS FOR ,_ R|4' "_ V|4' Z T i

FIGURE 3-20. CCMLK BLOCK
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YFPS

_ _

INCG

SUBTRACT 1 FROM /G COUNTER

FIGURE 3-21.

COMPUTE FIXED POINT H COUNTER. \\

STORE I v13J IN (TBV 13+ \

CONTENTS OF FIXED POINT H COUNTER). \

ADD J V13 I TO THE CONTENTS OF TBS 13. \

STORE )," IN (TBGAM + CONTENTS OF \

FIXED POINT H COUNTER). )

ADD y" TO THE CONTENTS OF TBSGM. /

ADD J V13 j2 TO THE CONTENTS OF TBVSQ. /

ADD (y,)2 TO THE CONTENTS OF TBGSQ. /

STORE R3; V13; Ti IN RVT70 TABLE. /

ADD 1 TO THE FLOATING POINT H COUNTER/

CCMLL BLOCK
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SET t ACCORDING TO NUMBER

OF POINTS USED. _ y,
I vl_l B -

A -- #H H

_v=/IV'3H 12

IF o v = 0 SET IT

o.y = /_(y,)2H

IF oy = 0 SETay

LLV = A - t ----

V

ULV = A + t

LLG = B - t

ULG = B + t

_ Iv131 ) 2H

EQUAL 1.0

C:-:)2
EQUAL 1.0

o v

H- 1

ov

V-R-1

o
7

VH- I

NO

CLEAR R COUNTER}

t = CONFIDENCE COEFFICIENT

IS LLV < Iv,31 < ULV ?

YES

ISLLG < y'< ULG?

NO

(
_ YES

(HAVE "H" SETSBEEN EXAMINED?_

CCNSD

OF THIS \

V13 AND R3' V13 AND Ti /

CREASE R COUNTER BY ONy

FIGURE 3-22. CCMLN BLOCK (Sheet ,1 of 2)
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COMPUTE"

_x 3
X3 ave -

H-R

_Y3

Y3 ave -
H-R

z 3
Z3 ave --

H-R

_. x13
X13av e -

H-R

• _:';'13
Y13ave - H-'--'_

z13
Z13av e -

H-R

7_,T_
Ti ave --

H-R

JR3 ave I = ; X32av. + Y32ave + Z32av-

:_ I v131
IV13 avol -- H-R

SELECT PRINT MESSAGE ACCORDING TO H- R.\

\

FIGURE 3-22. CCMLN BLOCK ('Sheet 2 of 2)
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aV
(IV13[) 2 _ [V131

]-f - H

ay" =

where H -- the number of points received (H counter).

An upper and lower bound for velocity and flight path angle are then com-
puted from the 6 values as follows:

lower limit of velocity

Upper limit of velocity
]V131 t 6 v

H + v/-H- i

lower limit of gamma

Upper limit of gamma

_ YH "- _-_

_:y t 8 v
H + _/H-1

where "t" is the confidence coefficient established by the t distribution.

Values for this coefficient are listed below:

3.25 - confidence coefficient for 10 points

3.355 - confidence coefficient for 9 points

3.499 - confidence coefficient for 8 points

3.707 - confidence coefficient for 7 points

4.032 - confidence coefficient for 6 points

4.604 - confidence coefficient for 5 points

When the limit values have been computed, the I V13L and y" for each point

are compared with the correspondingup_per and lower limits, and if they fall
outside the limits, the corresponding R, V, time, velocity, position magnitudes
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and gamma are all rejected and the rejected points counter (R) is incremented

by one.

In the rare case where _ v or 6y is zero the upper and lower limits

become identical causing rejection of the IV131 and y" quantities. To prevent

this, 6 v or 6y are set to 1.

A message is then set up using the subroutine PSIP to print the number of

points used to calculate the mean values.

If the number of points received during the 10 cycles following capsule

separation is less than 5, the computation of the upper and lower limits is by-
passed and the mean values are computed using all available points. It is con-
sidered that the t distribution criteria does not hold for less than 5 points.

Control then goes to CCMLJ.

CCMLO (Fi_ure 3-23)

In this block, the mean position and velocity vectors and the associated time
are obtained from the vectors received during the 10 computing cycles after

capsule separation as follows:

R3ave =

_14

contents of F counter

V12av e =

VI4

contents of F counter

T°

1 ave

]E T.
1

contents of F counter

/ X 2 + y2 Z 2
I R3 ave = _/ 3ave 3ave + 2ave

V_:_2 _r2 _2I V12 ave = 3ave + 3ave + 3ave

The R3ave and V12ave are then extrapolated to the next minute of GMT

using the subroutine CVEXT (see write-up on page 3-103) and stored with GMT
in the TDRANV table for the orbit programs. Control then transfers to CMMLJ.

3-84



MC 105

q

COMPUTE: \

R3av e = _ R14 •\
CONT. OF F COUNTER \

V12ave = _ 914 \

_, T i )

Tiave = CONT OF F COUNTE_ /

/

[ R3 av.I= -/X_2a e+ Y^2 a +Z^ 2 /

, v _ v _ v° _av° /

V ;( 2 +" 2 " 2
I 12 ov,,I = _/ 12 ave Y12 ave + Z12 ave /

EXTRAPOLATE R3ave AND _/12ave TO THE NEXT WHOLE MINUTE/

OF GMT AND STORE WITH TIME IN TDRANV /

FIGURE 3-23. CCMLO BLOCK
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CMMLO (Figure 3-24)

When no data is received during the 10 cycles followin_ capsule_ separation,
and since it is alway_s necessary to supply an average R and V to the orbit
programs, the last R and V received are extrapolated and these are stored
in the TDRANV table.

It is necessary to check the "Hold Phase" in_licator (MCRUDY). If this
indicator is non-zero indicating that the program has returned to the Launch

Phase from the _Hold Phase, computation of an extrapolated R and V is pre-
vented because R and V have been computed and stored in the TDRANV table

in a previous computing cycle. Control then is transferred to CCMLX.

If this indicator is zero, the last known R3 and V¢12 are extrapolated to

the next minute of GMT using the subroutine CVEXT (see write-up on page 3-103)
and stored with GMT in the TDRANV table for the orbit programs. Control is
then transferred to CCMLR.

CCMLP (Figure 3-25)

This block determines whether powered flight has ended. This determ-

ination is made by testing for the presence of the SECO (Sustainer Engine
Cut-Off) or ABOI (Abort Initiated) bit. If neither of them is present powered

flight is still continuing.

The cell MCLLDT is set _ 0when the end of powered flight is detected to

indicate to Monitor that the low speed radar lines should now be activated.

The presence of the CAPS (Capsule Separation) bit is then tested. This bit
would normally appear within 1 second of the appearance of SECO or ABOI. If
CAPS is not present after 3.5 seconds, it is assumed to have occurred. The
time t of the first appearance of the CAPS bit or the time at which this as-

sumption is made is stored in TCMANR + 13.

The time of the first appearance of the SECO bit (Tseco)is stored in

TCMANR + 11, the time of the first appearance of the ABOIbit (TABoI) is

stored in TCMANR + 12 andtime of the first appearance of the CAPS bit (TcAPS)

is stored in TCMANR + 39. Whenever either of SECO, ABOI or CAPS is de-

tected for the first time, i.e., after having been absent in the previous computa-
tion cycle, a corresponding on-line message is prepared using subroutine PSIP.

If the CAPS bit is present or capsule separation is being assumed, control
is transferred to CCMLH, otherwise control goes to CCMLF.
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NO
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FIGURE 3-24. CMMLO BLOCK
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STSE

WAS SECOnd/ SET

ECEIVED_// - _TsEco = 0

yl-_

YES

IPA STORE:
TSECO = TiD \

MCLLDT = TiD \
TSECO NOM = TiD /

RINT: SECO SIGNAL/
S BEEN RECEIVED/

HCS h

CAPSULE /

EPARATED_,//

STCTB f NO

TCAPS = 0

,= TSECO + f/

tl RTI

T i <T?

f o,
f IS _ .-/PRINT" "CAPSULE_
/'CAPSULE __b'/ SEPAI_ATION HAS \ 1
| SEPARATION _ BEEN ASSUMED"

_._,CATORS_' \ SET,.D,CATOR/ '
IYES

TSECO NOM = 0 \

\ _ _ / TABOI = 0 \

WAS ABORT _,O/ TcCtLPSD; O 0 _((p,_,,, =_

/ - k INITIATED? /- \CLEAR CAPSULE /_-k ..... )
/ "_= _\ SEPARATION if I

ITAZ t YES \ INDICATOR / l

I

--_ABo, O?J 1
_YES

STORE:
TABOI = TiT

MCLLDT = TiT

SECO NOM =TABOI-h)
RINT: ABORT INITIATED/

SIGNAL HAS BEEN /
RECEIVED" /

;_ I HCS2

-i_TCZ kEPARATED?J

Q,s t ''°

,,ps:o71( sTo,, o,YEs t TCAPS = 0

/ STORE ; _ I

/ TCAPS = TiT \ I
/ t = TCAPS %1

PRINT: "CAPSULE / I
SEPARATION SIGNAL I I

_I'AS BEEN RECEI VED'7

ITILB _

T i < t ?J

NO

FIGURE 3-25. CCMLP BLOCK
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CCMLQ

In case the next cycle should be a No Data cycle, the present time since

lift-off, T i, is saved (TCMANR + 48}. Then the G counter (TCMANR + 16}

(which reflects the number of passes since CAPS} is tested. If the G counter is

zero, ten cycles have been completed since CAPS and transfer is made to
CCMLR. Otherwise control goes to CKCCY.

CCMLR (Figure 3-26)

CCMLR is used to compute the GMT to fire retrorockets (GMTRC) during

the computation of the GO, NO-GO decision. CCMLR may also be used to refine

the estimate of the time delay to retrofire (Atr, computed in CMMLG), to im-
pact as close as possible to a recovery area.

If it was found necessary in CMMLGtorefine At r, the No Iteration indicator

was cleared. This indicator is tested here. Should no refinement be required,
transfer is made to CGHOW, otherwise, preparations are made for the calcula-
tion as follows:

a} The "iteration counter" is set to 5 because 5 iterations give suf-
ficient refinement.

b) T 4 is computed where T 4-- T3i ave + Atr"

c) A t r is converted to Mercury units for later use.

The next section of the computation is called ITER, reflecting the iterative

technique employed to refine At r. The position and velocity vectors at the

beginning of retrofire, R4 and V 4, are computed using C9RVTH where

R4' V4 = f(1R3ave' Vl2ave'Atr )"

An error return from C9RVTH results in the use of CHNOND to compute "l_4 and

V 4. From T4, R4' and V 4 using R6BOTH, the vectors describing the position

and velocity of the capsule at the termination of retrorocket firing, R5 and-V5

are computed. T 5 is also computed. The altitude above the surface of the earth

at T 5 is calculated as follows:

h 5 -_ IR51 - R e
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CGHOW

CLEAR 1 NOTE:
"LP COMPUTED" IIS THE DOWN-RANGE

INDICATOR DISTANCE.

,sT,,E
YES "NO ITERATION

REQUIRED" J

INDICATOR SET?J

NO

l, SET \

TERATION COUNTER/

b

COMPUTE: /
R4AND74 = f (R3ave' 712ave' Atr)

RS' 75' hS = f (_4' 74)

R6, V 6 = f(R 5, V 5)

_6' _'6 = f (R6' T6)

J v6J' 76 = f (R6' 76)

I = f(J V 6j, 76) FROM EMPIRICAL FIT

i _IP' kiP = f ( R6' V6' q56')_6' I)

\ atr = f ( R4' _/4' qSIP' ;_IP' ;_SEL )

STORE _IP' ZIP IN TCMANR ONLY

CGHOW+I r \ (DO NOT STORE IN MAIN,OUTPUT i

/ COMPUTE \\TABLE) SET LPCOMPUTED INDICATOR./

/ GMTRC = TLIFT _ _ !

/ +Tiave+Atr- A \ t

/ Atr = atr ÷ Tiave - T \ f IS
I AND STORE GMTRC AND _L.,__ _ , I NO

\ AtrINTCCOUT.(IF U--- _ Atr = 07 J _!
\ At r < 30SEC. STORE/

_30 SEC. IN TCCOUT). SET IN- / /
\ DICATOR TO PRINT / / Ac. T + At r

\ GMTRC ON-LINE. / _I_ED_CE I;ER ATI ON COUNT E

YES _ITERATION CI_uNTER =

FIGURE 3-26. CCMLR BLOCK
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If h 5 = 450,000 feet, then T 5, R5, V 5 are identical to T 6, R6' V6 since the

latter are defined as the position and velocity vectors at an altitude of 450,000

feet. T 6 is the time that this altitude will be attained (based on Atr}.

If h 5 _ 450,000 feet, C9RVTH is used to compute R6, V 6 as a function of

R5, V5, Re and h = 450,000 feet. In this case, T 6 = T 5+ AT, the AT having

been computed in C9RVTH. If there is an error return from C9RVTH, CHNOND

will be used to compute T 6, R 6 and V6.

Conversion of T 6 to GMT time is made for use with R6 in the A3MSCP pro-

gram. This program calculates ¢6 and k 6 , the latitude and longitude of the

capsule at 450,000 feet above the surface of the earth.

To compute flight path angle at 450,000 feet ( Y6 )' IV6[ and [R6{ are

computed. Then Y6 is determined by the following formula:

Y6 = arc sin
X6:_ 6 + Y6Y6 + Z6Z 6

fR61 IV61

Having obtained all the necessary input quantities, EMFIT is used to com-

pute the latitude and longitude of impact ( ¢IP ' hiP}"

the correction for

relationship true:

Having computed hip for the known AT r, C9DTRF is used to compute

A t r ( At r ), if a correction is required to make the following

kSE L - kip I _< A k,

where A k is defined as the acceptable longitudenal tolerance. (TCCONS +94)

At one time in the evolution of the Mercury Program System, it was neces-

sary for the high abort program CCABRT to know if a landing point had been

computed using the iterative technique described herein. An indicator is set at

this point to show that this computation has been made. If the "No iteration

required" indicator were set, this indicator would never have been set. How-

ever, it is never interrogated in the present system.
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Returning to the output of C9DTRF, if At r is equal to zero, then At r is

considered to be the refined At r. In this case, since no further iterations are

required, control goes to CGHOW + 1. If At r _ 0, At r is corrected by At r so

that At " is now:
r

At = At + At
r r r

In this case, all computations are repeated, beginning with the first equation

and using the new value for At r. If hse 1 - hip _< A_,, thenAt'r= 0 and control

goes to CGHOW + 1. Otherwise this procedure is repeated, until five iterations

have been completed. Then the value of At r obtained is considered sufficiently

refined and transfer is made to CGHOW + 1.

In block CGHOW the final time delay before firing retrorockets ( At r

prepared for display at Cape Canaveral. This final value is defined thus:

) is

At r = At r + Tiave - t

Here At r is the time delay computed above (or in the case of "no iteration,"

it is the time delay computed in CMMLG). Tiave is the time tag associated

with R3ave and V12av e. t is the time of capsule separation.

If At r is 30 seconds or greater, it is converted from seconds to minutes

and seconds and stored as output in location TCCOUT + 14. If At r is less than

30 seconds, andto allow sufficient time for the capsule to attain retrofire altitude,

30 seconds is stored in TCCOUT + 14.

Finally, the GMT to fire retrorockets {GMTRC) is computed. GMTRC is

defined as follows:

GMTRC = Tlift_off ÷ Tiave + At r

Here Tlift_off is the GMT time of lift-off measured in seconds since midnight

preceding launch and a is a preset constant. Tiave and At r are as previously

defined.

For output, GMTRC is converted to integral minutes and rounded integral
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seconds and stored in TCCOUT ÷ 13. To see GMTRC printed on the on-line
printer, Monitor communication cell MCPNOL is cleared.

Then, with GMTRC computed, CCMLR is succeeded by CCLOK.

CCLOK (Fibre 3-27)

In the event of an abort after nominal tower separation, CCLOK determines
if the capsule is within the range and elevation limits of Bermuda command
capability at the time when retrofire is to be triggered to impact in the recovery
area selected by CMMLG. If the capsule is not within command limits, CCLOK
attempts to select a recovery area which satisfies the command requirements.
A test of the "Many Areas Indicator" determines the existence of an alternate
area. For the case where no recovery area can be selected, the recommenda-
tion to retrofire with minimum time delay is displayed.

CCLOK is entered from CCMLR. The test, [V12 ave I: B,

bypasses CCLOK if IV12 ave I is only sufficient to land the capsule in recovery
I

area A. Otherwise, the library subroutine UIALSC is utilized to compute slant
range and elevation from Bermuda to the capsule. If slant range and elevation
are within limits, implying that retrorockets can be fired by command from
Bermuda, control passes to CCMLX.

If control remains with CCLOK after the completion of the above tests, a
check is made of the "Many Areas Indicator" to determine if another recovery
area is available for consideration. If it is not possible to impact in any other

area, e.g., if only one area falls within the minimum and maximum impact
lingitudes, the recommendation to fire retros with minimum time delay (30
seconds) will be given. The recovery area which is closest to the computed
impact point will be displayed. Program control then passes to CCMLX.

If another recovery area is available, a computation is made to determine

the time remaining until retrofire, At r , for impacting in this newly selected

recovery area. The equations and logic of CCMLR are employed here. A test

is again made to determine if the capsule position at retrofire time will now
permit Bermuda to initiate retrofire for impact in the new area. If so, the new
recovery area and its associated GMTRC will be displayed. Program control
then passes to CCMLX.

If Bermuda is not able to command retrofire impacting in the new area, a
minimum delay time to retrofire (30 seconds) will be displayed along with a
newly computed GMTRC based on this delay. The recovery area selected for
display will be the one closest to the computed impact point. Program control
passes to CCMLX.
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YES

0

l
STORE :

_'$e|new = _se|

_'west = _'sel-I

LMIN

SET ATrnew = 30 sec IN
TCCOUT + 14
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AND STORE IN TCCOUT + 13
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OF E OR E"
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INDICATOR
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FROM TCCOUT+ 17)

NO

I COMPUTE R4' T4

= f(R3ave,V12ave,/_t r)
USING C9RVTH
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,SCA!SULE
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FIGURE 3-27 CCLOK BLOCK (Sheet l of 2)
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COMPUTATION OF At r TO IMPACT IN Zsel new

?
Atrnew= (_trmin)i+ [t4max-(Atrmin)i] " r

/

_min'- _'sel new ]

_min -- _'max J

SET ITERATION [COUNTER

MC 105

COMPUTE

R4 AND V4: f (R3 ave, V12ave, Atr)

R5, V5, h5 = f (R4, V4)

R6, V6= f(R5, VS) NOTE: I IS THE DOWNRANGE DISTANCE

¢6, }'6 : f(R6, T6)

196 I' Y6 = f (R6, -96)
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FIGURE 3-27.
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ITERATION COUNTER

COUNTER
= 0?

CCLOK BLOCK (Sheet 2 of 2)

NO
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CCMLS (Figure 3-28)

The purpose of CCMLS is to determine if Tower Separation (TOWS) has
occurred. In a normal mission this event occurs about 158 seconds after lift-

off, that is after the booster engine drops off. If the mission were to end in early
abort, before the normal TOWS, the booster and sustainer engines would be
separated from the capsule and tower and this event would be indicated by the
telemetry event "Abort Initiated" (ABOI). The tower escape rockets would then
be fired and the tower and capsule, still connected, would move away from the
vehicle due to the additional velocity gained by firing the tower escape rockets.
In the case of an abort after tower separation, the firing of the retro rockets,
located on the capsule, can be timed to facilitate the choice of a landing area.

CCMLS tests the telemetry input word (TCMANR + 21) for the presence of
the TOWS bit. If the bit is not present, the location containing the time of this
event (TCMANR + 193) is set to zero since the signal may have been present at
one time and then disappeared because it was false, spurious or manually over-
ridden by Cape Canaveral. Control then is transferred to CCMLT.

If the TOWS bit was present, the program determines if TOWS has occurred
before or after ABOI. It does thisby checking the "Abort Before Tower Separa-
tion" word (ABTS - TCMANR +179). The contents of this cell being non-zero
indicates that ABOI occurred before tows and, therefore, the TOWS indication is

essentially ignored and then transfers control to CCMLT.

If this is the first indication of TOWS, and it occurred before ABOI (ABTS
equals zero), the time of the TOWS event is saved in TCMANR + 193. Using th6
subroutine PSIP, the printing of the on-line message announcing this event is
initiated. The program next initializes the following locations:

a) TCMANR ÷ 15 -- Tail-off velocity - initialized at zero.

b) TCMANR + 17 -- H counter. Counts the number of B-GE or Azusa

data points received during the 10 computing cycles immediately after
capsule separation. Initialized at zero.

c) TCMANR + 192 -- F counter. Counts the number of AN/FPS-16 data

points received during the 10 computing cycles immediately after cap-
sule separation. Initialized at zero.

d) TCMANR ÷ 16 -- G counter. Counter for the 10 passes after capsule
separation. Initialized at 10. Control then transfers to CCMLP.

CCMLT (Figure 3-29)

The purpose of CCMLT is to determine if the "Abort Initiated" signal has
occurred. In determination of the occurrence of an event, if the indication of the
event should appear and disappear a number of times, each reappearance is
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FIGUR E 3-28. CCMLS BLOCK
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CVABO

ITIATED? _ TABOI = 0
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INSET ABTS

DICATOR = 1/

1
(, .,),oBOI = 0
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PRINT: ABORT _)
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AS BEEN RECEIVED/

_CLEAR ABTS_
INDICATOR

FIGURE 3-29. CCMLT BLOCK
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understood to be a first appearance and a new time for the event is saved and

the event announcement is printed on-line. This philosophy is adhered to in the
consideration of all telemetry events except lift-off.

The input telemetry word {TCMANR + 21) is checked for the ABOI bit. If
it is present, the program sets the "Abort Before Tower Separation" {ABTS}
indicator (TCMANR +179} unequal to zero. In addition, if this is the first indi-
cation of ABOI the time of this event is stored in location TCMANR +12 and a

transfer is made to the subroutine PSIP to initiate the printing of the on-line
message announcing this event. Control then passes to CCMLB.

If the ABOI bit is not present, the time of this event (TCMANR +12}, the
ABTS cell {TCMANR + 170}, and MCLLDT --the cell which indicates to Monitor

that it can activate the low speed data lines now that powered flight has ended --
will all be set to zero. Control then goes to CCMLC.

CCMLU {Figure 3-30}

Both a GO and a NO-GO indication is given to Cape Canaveral because no B-

GE or Azusa data was received during 10 cycles after CAPS. The orbit capability
is made -0, the minus signifying that the orbit capability is determined. The on-
line message of the NO-GO recommendation is set up using subroutine PSIP. A
test of the F counter is made. Ifthe counter is zero, no AN/FPS-16 data was re-

ceived during the 10 cycles after CAPS and control goes to CMMLO, otherwise
control goes to CCMLO.

CCMIV {Figure 3-31}

The on-line printing of the number of posigrade rockets fired is initiated
using subroutine PSIP. A check is then made to see if the H counter (TCMANR
+ 17) is non-zero which indicates that some B-GE or Azusa data points have been
accumulated during the 10 passes after CAPS. If so, control goes to CCMLN,
otherwise, control goes to CCMLU.

CCMLW

A test is made to determine if this is the last of the 10 passes after CAPS.
If the G counter is equal to zero, this is the last pass and control goes to CCMLV,
otherwise a transfer is made to CCMLG.

CCMLX

CCMLX is the location of the transfer to the hold suffix, MFLHLD.

transfer indicates the end of launch processing.

This

C CMLY {Figure 3-32}

The purpose of this block is to examine the input telemetry word for the
"Abort Phase Entered" bit. This bit would appear in the telemetry as a result
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SET GO AND NO- GO INDICATOR.

SETORBIT LIFE TIME = - 0.

PRINT: "INSUFFICIENT DATA
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NO
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FIGURE 3-30. CCMLU BLOCK
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FIGURE 3-31. CCMLV BLOCK

3-101



MC 105

YES ABORT PHASE?

CKCCY

_ STORE T i FOR

NO _ USE IN THE NEXT

CYCLE AS T i

(STO ER3V8T}IN TMRARF

NO

r

S ,s ,_
TCMANR + 247 >- J

YES

FIGURE 3- 32. CCMLY BLOCK
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of the three position switch at the Mercury Control Center being thrown into the
"Abort" position. When the bit is absent, i.e., during a normal mission, the
launch computing cycle is complete and control is transferred to the Monitor
suffix MFLNML.

If the "Abort Phase Entered" bit is present the program moves the current

]_3 {TCMANR + 1 to+3) and V 8 (TCMANR + 33 to +35) to the TMRARF table for

use by the abort programs. Thetimetag of the vector is converted to fixed point
seconds and stored in TMRARF 6.

A test is then made based upon altitude to see which abort program is to be
used. If there have been three or more successive data points with altitudes

above 100,000 feet, control then goes tothe medium abort suffix MFLRT2; other-
wise control goes to the low abort suffix MFLRT1.

CVEXT (Figure 3-33)

The average vectors R--3ave and V12av e are extrapolated to the next whole

minute of GMT. The difference (At) between GMT associated with T. and
lave

the next whole minute of GMT is computed.

The calling sequence for C9RVTH is set up to compute _ and V associated

with the time T = Tiave + At. If C9RVTH comes to the error return, CHNOND

is used for the computation.

The above R and V and its associated T are stored in the TDRANV table.

If At is zero, no extrapolation is needed and R3ave and Vl2av e are stored in

the TDRANV table. In either case, control returns to the part of the program

which used this subroutine.

CKCCY

Before returning to the normal monitor suffix, MFLNML, the time saved

in case the next cycle might be a missing data cycle, that is T i, is stored as the

time tag of the previous cycle, Ti_ 1 in TCMANR +60. In transferringto

MFLNML, the computations in CCMAIN are completed for this cycle.
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TABLE 3-2. TCCOUT TABLE FORMAT

LOCATION QUAN TITY

TCCOUT Y- Ynom (B-GE)

+ I

WHERE FORMAT

DISPLAYED

Strip chart FI. Pt. - Radians

Strip Chart FI. Pt. - RadiansY- Ynom (AN/FPS - 16)

+ 2 V/Vr " V/Vr nom (B - GE) Strip Chart FI. Pt. - Radians

+ 3 V/Vr " V/Vr norn (AN/FPS-16) Strip Chart FI. Pt. - Radians

+ 4

+ 5 9_ Wall Map and FI. Pt. - Radians
PP Plotboard 4

+ 6 App Wall Map and FI. Pt. - Radians
Plotboard 4

c_IP " Before TOWS Plotboard 4 FI. Pt. - Radians
+ 7

qbmi n - After TOWS Plotboard 4 FI. Pt. - Radians

hip - Before TOWS Plotboard 4 FI. Pt. - Radions
+ 8

_'min - After TOWS Plotboard 4 FI. Pt. - Radians

+ 9

+ 10

Zero - Before TOWS Plotboard 4 ......

+ 11 _max - After TOWS Plotboard 4 FI. Pt. Radians

(3 tr/2) - Before TOWS Plotboard 4 ......

+ 12 _max - After TOWS Plotboard 4 FI. Pt. - Radians

+13

Zero - Before TOWS Retrofire

Controller ......

+ 14 At r - After TOWS Retrofire
Control ler Time

+ 15

Zero- Before CAPS + 5 Seconds Flight Dynamics
Officer ......

+ 16 Negative of Orbit Capability - After Flight Dynamics
CAPS + 5 Officer Fx. Pt. - B 35

+ 17 Recovery Area Retrofire
Controller Special Code
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MC 105

TABLE 3-2. TCCOUT TABLE FORMAT (Cont'd)

LOCATION

+ 18

+19

+ 20

+21

+22

QUANTI TY

Abort Recommendation (1 = GO,

2 : NO- GO)

h - Height of Capsule

y- Flight Path Angle

i - Inclination Angle

V/V r - Velocity Ratio

WHERE

DISPLAYED

Flight Dynamics
Officer

Plotboard 2

Flight Dynamics

Officer and

Plotboard 1

Flight Dynamics
Officer

Flight Dynamics

Officer and

Plotboard 1

FORMAT

Fx. Pt.- B35

FI.Pt.- Nautical

Miles

FI. Pt. - Radians

FI. Pt. - Radians

FI. Pt.

+ 23 Y" Ynom" Cross Range Deviation Plotboard 2 FI. Pt. - Nautical
Miles

+ 24 d - Down Range Distance Plotboard 2 FI. Pt. - Nautical
Miles

+ 25

+ 26

+ 27

+ 28 r- R Flight Dynamics
Officer and

Plotboard 1

+ 29

FI. Pt.- Nautical
Miles
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TABLE 3-3. TCCONS TABLE FORMAT

LOCATION VALUE EXPLANATION

TCCONS + 0 DEC 6.0562925 347 degrees in radians
+ 1 DEC 0 Not usecl in launch

+ 2 DEC 3.5 G seconds

+ 3 DEC 0.5 H seconds

+ 4 DEC .9557638 Conversion B-GE to Mercury (R)

+ 5 DEC 1.022883455 Conversion B-GE to Mercury (V)
+ 6 DEC 1.00003643

+ 7 DEC 1.000009664 Conversion IP-7090 to Mercury (V)

+ 8 DEC 1.0463218 Conversion IP-7090 to B-GE (R)

+ 9 DEC .97763793004 Conversion IP-7090 tp B-GE (V)

+ 10 DEC 10000.0 C seconds

+ 11 DEC -.2620152644 B radians/B-GE (V)

+ 12 DEC 0.92688644 24040 ft/sec velocity at which comp. of time to

Retrofire begins
+ 13 DEC 0 Not used in launch

+ 14 DEC 0 Not used in launch

+ 15 DEC 0 Not used in launch

+ 16 DEC 0 Not used in launch

+ 17 DEC .4326345E-9 K5 89 (V/Vr) nom.
+ 18 DEC 0.0 K4 89 below

+ 19 DEC .1357455F-4 K3 89 staging
+ 20 DEC -.1606494F-3 K2 89

+ 21 DEC .05163 K1 89

+ 22 DEC .156703E-11 K13 89 (V/Vr)nom.

+ 23 DEC -.1107524E-8 K12 89 above

+ 24 DEC .2963183E-6 Kll 89 staging
+ 25 DEC -.2741455E-4 K10 89

+ 26 DEC .6924132E-3 K9 89

+ 27 DEC .37357 K8 89

+ 28 DEC 1.0455 Radius of Earth B-GE

+ 29 DEC 3291.58325 Conversion B-GE to nautical miles

+ 30 DEC 120.0 Time to fire retros and hit area A

+ 31 DEC 0 Not used in launch

+ 32 DEC 0.01089570717 A 228,000 ft. in Mercury units

+ 33 DEC .058833543 Omega rad/Mercury unit of time

+ 34 DEC .2389409468E-3 HF1 (5000 ft -- Mercury units)

+ 35 DEC 0.00477881893 HF2 100,000 ft. in Mercury units

+ 36 DEC .999251039 Radius of Earth Mercury

+ 37 DEC 24000. Min. velocity.for GO

+ 38 DEC 20925672.5 Convert Mercury to feet
+ 39 DEC -2.0202618 K181

+ 40 DEC 1.6229852E8 K281

+ 41 DEC .729211508E-4 Omega E rad./sec.
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TABLE 3-3. TCCONS TABLE FORMAT (Cont'd)

LOCATION VALUE EXPLANATION

TCCONS + 42 DEC 0 Not used in launch

+ 43 DEC .493652887 Geocentric latitude of radar (28.2842274)

+ 44 DEC .999251039 Mercury distance from geocenter to pad (R0)
+ 45 DEC -1.406416522 LP prime (80.581731) (radians)
+ 46 DEC 1.57079632679 PI/2 radians

+ 47 DEC 1.26689536 Beta Zero

+ 48 DEC 3443.929 Conversion Mercury to nautical miles
+ 49 DEC 26529.807 Conversion B-GE to ft./sec.

+ 50 DEC 0 Not used in launch

+ 51 DEC 2048

+ 52 DEC 1024

+ 53 DEC 0 launch

+ 54 DEC 0 launch

+ 55 DEC 0 launch

+ 56 DEC 0 launch

+ 57 DEC 32

+ 58 DEC 0

+ 59 DEC 0

+ 60 DEC 0

+ 61 DEC 0

+ 62 DEC 0

+ 63 DEC -0.25902696E-4

+ 64 DEC 0.71031016E-3

+ 65 DEC -0.4774758E-2

+ 66 DEC 0.16404792E-1

+ 67 DEC -0.10283297E-4

+ 68 DEC 0.70937503E-3

+ 69 DEC 0.11619321E-1

+ 70 DEC .003823055149

+ 71 DEC 25936.294946

+ 72 DEC -.032338615

+ 73 DEC +.04744618

+ 74 DEC +.006608992

+ 75 DEC 30.0

+ 76 DEC .809676171

+ 77 DEC .02150468521

+ 78 DEC 0.0 K21 89 gamma nominal
+ 79 DEC -0.1312738E-9 K20 89 below

+ 80 DEC 0.4815826E-7 K19 89 staging
+ 81 DEC -0.5744402E-5 K18 89

+ 82 DEC 0.1623070E-3 K17 89

+ 83 DEC 0.01064008 K16 89

Mask

Mask

Not used in

Not used in

Not used in

Not used in

Mask

Not used in launch

Not used in launch

Not used in launch

Not used in launch

Not used in launch

Escaperocket curve fit coefficient

Below 80,000 feet altitude

Escape rocket curve fit coefficient

Above 80,000 feet altitude

80,000 feet in Mercury

Conversion Mercury to ft./sec.
Coefficients to obtain

H min. ret. as a function

of velocity (V12 mag) Mercury
30 seconds

B (21,000 ft./sec.) Mercury units

450,000 feet in Mercury units
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TABLE 3-3. TCCONS TABLE FORMAT (Cont'd)

LOCATION VALUE EXPLANATION

TCCONS + 84
+ 85
+ 86
+ 87
+ 88
+ 89
+ 90
+ 91
+ 92
+ 93
+ 94
+ 95
+ 96

+ 97
+ 98
+ 99
+100
+ 101
+ 102
+ 103
+ 104
+ 105
+ 106
+ 107
+ 108
+ 109
+ 110
+111
+ 112
+ 113
+ 114
+ 115
+ 116
+ 117
+ 118
+ 119
+ 120
+ 121
+ 122
+ 123
+ 124
+ 125

DEC 0.0
DEC 0.0
DEC 0. I038273E-4
DEC -0.6830055E-2
DEC I. 114796
DEC 0.0
DEC .92534419E-3
DEC 14.747978
DEC -11.267406
DEC 3.7876281
DEC .00476474885
DEC 900.0
DEC 131.4

DEC 3441.35029
DEC 23391.3384
DEC -4.1594
DEC .28548238E-9
DEC .68265288E-9
DEC .62475098E-6
DEC .59100400 E-5
DEC .31345620E-5
DEC -.43086694E-2
DEC .23747061E- I
DEC .44627038E- I
DEC .66648080
DEC .27185713E + I
DEC .14873996E +2
DEC .86767697E + 2
DEC 581.242093
OCT 001000000000
DEC 0.7853981634
DEC 0.1396263401
DEC 0
DEC 5.536184381
DEC 5.606870216
DEC 5.705481319
DEC 5.832890354
DEC 0
DEC 7.033676885
DEC 50.
DEC 0
DEC 0

K26 89 gammanominal
K25 89 above

K24 89 staging
K23 89
K22 89

Alpha (seconds)
VP (Mercury units) 24 ft./sec.
K3 50 coefficients to
K2 50 obtain accel, vs.

K1 50 velocity (B-GE)
Delta long (.273 tolerance) radians
Artificial time to fire retro rockets
S strip seconds
Radians of Earth nautical miles

Mean value of velocity ft./sec.
Mean value of gamma
Empirical
Curve

Fit
Constants

Empirical
Curve

Fit

Constants

1 in characteristic

Max. plotboard value radians

Start of table

Longitude of area A radians

Longitude of area B radians

Longitude of area C radians

Longitude of area D radians

Longitude of area E or E prime

Longitude of area XB radians

End of table
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TABLE 3-3. TCCONS TABLE FORMAT (Cont'd)

LOCATION VALUE EXPLANATI ON

TCCONS + 126

+ 127

+ 128

+ 129

+ 130

+ 131

+ 132

+ 133

+ 134

+ 135

+ 136

+ 137

+ 138

+ 139

+ 140

+ 141

+ 142

+ 143

+ 144

+ 145

+ 146

+ 147

+ 148

+ 149

+ 150

+ 151

+ 152

+ 153

+154

+ 155

+ 156

+ 157

+ 158

+ 159

+ 160

+ 161
+ 162

+ 163

+ 164

+ 165

+ 166

+ 167

+ 168

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

OCT

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC
DEC

DEC

DEC

DEC

0

6.00393262

•334517988E-3

.570722665

806.8104

0

I

2

3

4

9

0
0

0

0

0

0

5.93411945

000074000000

2.0

753.869034

- 1.406417099

0.496492154

20000000.

0

0

0

0

-0.00044

-0.00042

+0.00625

-0.00020

+0.998142
-0.00047

+0.00013

+0.00623
-0.00013

+0.998028

-0.00010
+0.00025

40.00595

-0.00015

40.997925

Longitude of area E radians

Epsilon (7,000) Mercury

(32.7 °) Inclination angle deviation (R)

Mercury to seconds
Code for area A

Code for area B

Code for area C

Code for area D

Code for area E

Code for area XB

Longitude area E prime (radians)

60 at binary scale of 17

Delta T used in V/V r calculations
Convert seconds to B-GE units

Longitude of pad (-80.581764) GE radar

Geodetic latitude of pad (28.446905) GE radar
Convert from B-GE to feet

Not used in launch

Not used in launch

Not used in launch

Not used in launch

Orbit lifetime constants K1,7

Orbit lifetime constants K2,7

Orbit lifetime constants K3,7

Orbit lifetime constants K4,7

Orbit lifetime constants K5,7

Orbit lifetime constants K1,6

Orbit lifetime constants K2,6

Orbit lifetime constants K3,6
Orbit lifetime constants K4,6

Orbit lifetime constants K5,6

Orbit lifetime constants K1,5

Orbit lifetime constants K2,5

Orbit lifetime constants K3,5

Orbit lifetime constants K4,5

Orbit lifetime constants K515
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TABLE 3-3. TCCONS TABLE FORMAT (Cont'd)

LOCATIONS VALUE EXPLANATION

TCCONS Orbit lifetime constants K1 4+ 169
+ 170
+ 171
+ 172
+ 173
+ 174
+ 175
+ 176
+ 177
+ 178
+ 179
+ 180
+ 181
+ 182
+ 183
+ 184
+ 185
+ 186
+ 187
+ 188
+ 189
+ 190
+ 191
+ 192
+ 193
+ 194
+195
+ 196
+ 197
+ 198
+ 199
+ 200
+ 201
+ 202
+ 203
+ 204
+ 205
+ 206
+ 207
+ 208
+ 209
+ 210
+ 211

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC

-0.00005
+0.00023
+0.00578
-0.00014
+0.997802
-0.00007
+0.00016
+0.00571
-0.00012
+0.997665
-0.00016
+0.00005
+0.00565
-0.00007
+0.997493
4.50114449
4.49533262
4.48625250
4.47028633
4.43847700
4.436898672
4.12076599
•007860792
.040957897
.0793944949

.131757680
.217293491
.371598051
•745107237
0
0
0
0
0.84
50.872771
-83.680596
34.800786
.029344515
-. 25351989
•55917158
1.0068147688
-6.3557E-4
3.6157E-4

Orbit lifetime constants K2 4
Orbit lifetime constants K3 4
Orbit lifetime constants K44
Orbit lifetime constants K5 4
Orbit lifetime constants K1 3
Orbit lifetime constants K23
Orbit lifetime constants K33
Orbit lifetime constants K43
Orbit lifetime constants K53
Orbit lifetime constants K1 2
Orbit lifetime constants K22
Orbit lifetime constants K32
Orbit lifetime constants K42
Orbit lifetime constants K52
A 210 nominal
A 240 nominal
A 270 nominal
A 300 nominal
A 330 nominal
A 360 nominal
A 390 nominal
E 210 nominal
E 240 nominal
E 270 nominal
E 300 nominal
E 330 nominal
E 360 nominal
E 390 nominal
Not used in launch
Not used in launch
Not used in launch
Not used in launch

Break point for tail off acceleration fit
Coefficients for
Tail off acceleration
First half of curve
2ncl Half of curve

K4 81 Constants for V-GO calculation
K3 81
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TABLE 3-3. TCCONS TABLE FORMAT (Cont'd)

LOCATION VALUE EXPLANATI ON

TCCONS + 212 DEC

+ 213 DEC
+ 214 DEC

+ 215 DEC

+ 216 DEC

7.0651E-3

-4.2719E-4

0.996469

3

0.00477881893

+ 217 DEC 150.

+ 218 DEC 30.

+ 219 DEC 210.0

+ 220 DEC -0.93491788E-6

+ 221 DEC 0.22319669E-3

+ 222 DEC 4.4954723

+ 223 DEC 0.75648865E-6

+ 224 DEC 0.77038945E-3

+ 225 DEC -0.18713691

+ 226 DEC 480.0

+ 227 DEC 480.0

+ 228 DEC .17453292

+ 229 DEC .15

+ 230 OCT 77777

+ 231 DEC 14

+ 232 DEC 0.0071429

+ 233 DEC 0.64287

+ 234 DEC 5.0

+ 235 DEC 3.25

+ 236 DEC 3.355

+ 237 DEC 3.499

+ 238 DEC 3.707

+ 239 DEC 4.032

+ 240 DEC 4.604

+ 241 DEC 0.0872664625

+242 DEC 0.1451830162

+ 243 DEC 0.88678818

K2 81

K1 81

K0 81

J (number of inputs above H rain.)

H min. (min. altitude for high abort before tower

Separation in Mercury units) 100,000 feet = H min.

L time acquisition data is first computed

N interval between 2 consecutive acquisition messages

K time first message is valid

A coefficient for azimuth acquisition curve-Bermuda

B coefficient for azimuth acquisition curve-Bermuda

C coefficient for azimuth acquisition curve-Bermuda

A coefficient for Bermuda acquisition curve fit-elevation

B coefficient for Bermuda acquisition curve fit-elevation

C coefficient for Bermuda acquisition curve fit-elevation

Kfl constants used to compute

K f2

Limit of y-y nominal
Limit of V/V r - V/V r nominal

Constants for change of

Range when capsule weight changes

K minimum number of points required to compute

Standard deviation

Confidence coefficient for 10 points

Confidence coefficient for 9 points
Confidence coefficient for 8 points

Confidence coefficient for 7 points

Confidence coefficient for 6 points

Confidence coefficient for 5 points

Bermuda command minimum elevation angle in radians

Bermuda command maximum range in Mercury units

Below this velocity capsule is in Cape range
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TABLE 3-4. TCMANR TABLE FORMAT

MC 105

LOCATION SYMBOL EXPLANATION OF SYMBOL UNITS FORM

TCMANR

+1

+2

+3

+4

+5

+6

+7

+8

+9

+ 10

+11

+ 12

+13

+ 14

+ 15

+16

+ 17

+ 18

+ 19

Ti

X 3

Y3 R3

Z 3

'X3

Y3 V3

2'3

s

Y - Ynom

V/V r - (V,/Vr)no m

d

TSECO

TABOI

T

TSECO nom

I i

G

H

T i

Time since lift-off

Position coordinate

Position coordinate

Position coordinate

Velocity coordinat

Veloc ity coordinate

Velocity coordinate

Cross range distance

Flight path angle deviation

Velocity ratio deviation

Down range distance

Time tag of SECO signal

Time tag of ABOI signal

= T capsule separation

= T SECO + F (constant)

= T ABOI + G (constant)

Calculated time tag

Tailoff velocity at T i

Internal counter of cycles after
CAPS

Internal counter of B-GE and

Azusa data

Time tag of discrete signal

Discrete signals

Seconds

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

N. mi les

Radians

Dimensionless

N. miles

Seconds

Seconds

Seconds

Seconds

Mercury

Seconds

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Integer

Fit. Pt.

Fit. Pt.

Binary
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TABLE 3-4. TCMANR TABLE FORMAT (Cont'd)

_OCAT ION SYMBOL EXPLANATION OF SYMBOL UNITS FORM

TCMANR

+ 20 TiT

+21 - --

+22 2_T13

+ 23 _, X13

+24 _Y13

+25 _Z13

+ 26 _ X13

+27 Z_'13

+28 _" ;'13

+ 29 Tno w

+ 30 - - -

+31 IR 3

+ 32 I V3

+ 33 )(8

+ 34 _'8

+ 35 7-8

+36 JV 8

+37 IV I

+ 38 Vr

,F-,R13

_-, 913

_8

Time tag of telemetry signals

Telemetry signals

Summation of time tags after CAPS

Components of ,_ R13

Components of ,_,V13

-- T i + TL.O.

Code Word of selected data source

1) B-GE

2) Raw AN/FPS- 16

3) IP-7090 (Azusa)
4) IP - 7090 (AN/FPS- 16)

Magnitude of R3

Magnitude of V3

Coordinates of V8

Magnitude of V8

Magnitude of V 1

Second s

Seconds

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Seconds

Mercury

Mercury

Mercury

Mercury

Mercury

B-GE

Ft./Sec.

Fit. Pt.

Binary

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Integer
This code

Word will

be stored

by Monitor

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.
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TABLE 3-4. TCMANR TABLE FORMAT (Cont'd)

MC 105

LOCATION SYMBOL EXPLANATION OF SYMBOL UNITS FORM

TCMANR

+39 TCAPS

+ 40 a

+ 41 )(So

+ 42 _'8e

+ 43 7'8e

+ 44 Tfx

+ 45 Xfx

+ 46 Yfx

+ 47 Zfx

+ 48 TIN D

+ 49

+50

+51

+ 52

+ 53

+ 54

+ 55

+ 56

+ 57

+ 58

V8e

Time tag of capsule separation
signal

Tailoff acceleration

n

I V121

f12 v12

Tave

IV12 lave

JR3 ]ave

Hmin ret

Coordinates of V8e vector

Time of impact

Rfx Coordinates of Rfx position vector

Time tag for no data

Iteration required

1 - no iteration required

0- iteration required

Number of posigrades fired

Magnitude of V12

Coordinates of V12 velocity vector

Time tag associated with I R3 avel
and I V12 ave!

Magnitude of V12 average

Magnitude of R 3 average

Altitude at which retros must fire

Seconds

Mercury

Mercury

Mercury

Mercury

Second s

Mercury

Mercury

Mercury

Seconds

Mercury

Mercury

Mercury

Seconds

Mercury

Mercury

Mercury

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Integer

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.
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TABLE 3-4. TCMANR TABLE FORMAT (Cont'd)

LOCATION SYMBOL EXPLANATION OF SYMBOL UNITS FORM

TCMANR

+59 Atrmin i

+60 Ti - 1

+ 61 At r

+62 n+ 1

+ 63 I Vl 0 l

+ 64

Minimum delay time to fire retro
rockets

Time tag of previous cycle

Time to fire retro rockets

Multiplier for escape rocket velocity

Magnitude of V10

Used as temporary storage

Second s

Seconds

Seconds

Mercury

Mercury

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

+ 164

+ 165

+ 166

+ 167

+ 168

+ 169

+ 170

+ 171

+ 172

+ 173

+ 174

+ 175

T4max

IV61

Y6

T6

X6

Y6

Z 6

76

_6

_6

Used as temporary storage

Time tag

V magnitude used in empirical fit

Gamma in empirical curve fit

Time tag associated with R6, V 6

Coordinates of R 6 position vector

Coordinates of V6 velocity vector

Longitude of 450,000 ft.

Seconds

Mercury

Radians

Seconds

Mercury

Mercury

Mercury

Mercury

Mercury

Radians

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.
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LOCATION

TABLE 3-4. TCMANR TABLE FORMAT (Cont'd)

SYMBOL EXP'LANATION OF SYMBOL UNITS FORM

TCMANR

+ 176

+ 177

+ 178

+ 179

+ 180

+ 181

+ 182

+ 183

+ 184

÷ 185

+ 186

+ 187

+ 188

+ 189

+ 190

+ 191

+ 192

+ 193

¢6

he

ABTS

6 1

6 2

_SEL

IVlll

hAp

Hper

e

l v131

2-I3

F

TTOWS

Geodetic latitude at 450,000 ft.

Height of capsule

Cocle word for duplicating printing

1 - Message has been printed

0 - Message has not been printed

binary

Abort before TOWS indicator

1 = Abort before TOWS

0 = No abort before TOWS

Used in CMMLG

Used in CMMLG

Longitude of selected recovery area

Increment of escape rocket velocity

Apogee height

Perigee height

Eccentricity

XB indicator

0 - do not change computed _max

1 - make Areax = 8°

Magnitude of V13

V13 Coordinates of V13 velocity vector

Internal counter for AN/FPS- 16 data

Time tag of TOWS signal

Radians

Mercury

Fit. Pt.

Fit. Pt.

Radians

Mercury

Mercury

Mercury

Fit. Pt.

Fit. Pt.

Fit. Pt.

F It. Pt.

Fit. Pt.

Fit. Pt.

Dimensionless Fit. Pt.

Mercury

Mercury

Mercury

Mercury

Mercury

Seconds

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.
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TABLE 3-4. TCMANR TABLE FORMAT (Cont'd)

LOCATIONS SYMBOL EXPLANATION OF SYMBDL UNITS FORMAT

TCMANR

+ 194

+ 195

+ 196

+ 197

+ 198

+ 199

+ 200

+ 20]

+ 202

+ 203

+ 204

+ 205

+ 206

+ 207

+ 208

+ 209

+210

+211

+212

TESCR

iV13 Jave

X3 ave

Y3 ave R3ave

Z3ave

)(12ave)

_'12ave} V 12ave

|
7-12avel

)(13ave t

'_13ave I V13ave

±13ave]

_. T i

_X14 1

_' Y14 _ _14

,_ Z14

zf14  914

Z14

Time tag of ESCR signal

Magnitude of V13 ave vector

Components of R 3 average

Components of V12 average

Components of V13 average

Summation of time tags after CAPS

Components of _, R14

Components of _'. _14

Sec ond s

Mercury

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury

Mercury

Mercury
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TABLE 3-4. TCMANR TABLE FORMAT (Cont'd)

LOCATION SYMBOL EXPLANATION OF SYMBOL UNITS FORM

TCMANR

+ 213

+ 214

+ 215

+ 216

+ 217

+ 218

+219

+ 220

+ 221

+ 222

+ 223

+ 224

+ 225

+ 226

+ 227

+ 228

+ 229

+ 230

+ 231

+ 232

X14

Y14

Z14

)(14

';'14

7-14

Amax

GMTRC

_lP

hip

T i

ATi

ETi

Anom

Enom

AK

AK +N

AK + 2N

Components of R 14

Components of V14

"Many areas" indicator used in
CMMLG

Longitude of maximum delay

impact point

Greewich Mean Time of retrofire

Latitude IP refined

Longitude IP refined

LP computed indicator

0 = refined IP not computed

1 = refined IP computed

Time of acquisition data

Azimuth at time of computation

Elevation at time of computation

Nominal azimuth

Nominal elevation

First azimuth

Second azimuth

Third azimuth

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Integer

Radians Fit. Pt.

Seconds Fit. Pt.

Mercury Fit. Pt.

Mercury Fit. Pt.

Integer

Seconds Fit. Pt.

Radians Fit. Pt.

Radians Fit. Pt.

Radians Fit. Pt.

Radians Fit. Pt.

Radians Fit. Pt.

Radians Fit. Pt.

Radians Fit. Pt.
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TABLE 3-4. TCMANR TA3LE FORMAT (Cont'd)

LOCATION SYMBOL EXPLANATION OF SYMBOL UNITS FORM

TCMANR

+ 233 AK + 3N

+ 234 EK

+ 235 EK + N

+ 236 EK + 2N

+ 237 EK + 3N

+238 T 3orT3ave

+239 X 3orX3ave

+ 240 Y3 or Y3ave

+241 Z 3orZ3ave

+ 242 )(12 or )(12ave

+ 243 _'12 or _'12ave

+ 244 _'12 or Z12ave

+ 245 I v]2 Jor I V12 lave

+ 246 A T k

+ 247 - - -

+ 248 - - -

+ 249 - - -

+ 250 R

+ 251 o - -

+ 252 LLV

Fourth azimuth

First elevation

Second elevation

Third elevation

Fourth elevation

Time remaining to land

Count of points above Hmi n

Indicator to avoid duplicate

printing of capsule separation

0 = print

1 = do not print

Not used

Reject counter

H Counter

Lower limit for V

Radians

Radians

Radians

Radians

Radians

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Seconds

Integer

Integer

Integer

Fh. Pt.

Fit. Pt.

Fh. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Ft.

Fit. Pt.

Fit. Pt.

Fh. Pt.

Fit. Pt.

Fit. Pt.

Fix. Pt.

Fit. Pt.

Fit. Pt.
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TABLE 3-4. TCMANR TABLE FORMAT (Cont'd)

LOCATION SYMBOL EXPLANATION OF SYMBOL UNITS FORM

TCMANR

+ 253 ULV

+ 254 LLG

+ 255 ULG

+ 256 _ V

+ 257 o
Y

+ 258 l v131

+ 259 J V13 J2

+ 260 ( y,)2

+ 261 t

+ 262 _SEL new

+ 263 Atr new

+ 264 '_WEST

+ 265

+ 266 T 4

+ 267 X4

+ 268 Y4

+ 269 Z4

+ 270 )(4

+ 271 _'4

+ 272 Z'4

_4

_4

Upper limit for V

Lower limit for y

Upper limit for y

Standard deviation of V13

Standard deviation of y

Confidence coefficient

Long. of recovery area west of

_'min

Radians

Seconds

Radians

Seconds

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.

3-121



MC 105

NOMENCLATURE OF R AND V FOR LAUNCH

ROG; V0G = Original B-GE as received from input program, fixed point.

ROI; V0I = Original IP 7090 input as received from input programs.

ROM; V0M = Raw AN/FPS-16 data converted and transIerred into Mercury
reference system and Mercury units.

RIG; VIG = Components in B-GE reference system in B-GE units, floating
point.

RII; VII= Components in IP 7090 reference system in B-GE units, floating
point.

RIM; VIM = Components in Mercury reference system in B-GE units, floating
point.

= Components in GE centered down range system in B-GE units
(local)

R3; V3 = Components in Mercury reference system and Mercury units

R4; V4 = Vector components at beginning of retrofire in Mercury reference
system, Mercury units.

R5; V5 = Vector components at end of retrofire in Mercury reference

system, Mercury units.

R'6; V6 = Vector components at 450,000 feet in Mercury reference system,

Mercury units.

V 8 Vector components after escape rocket burnout in Mercury refer-

ence system, Mercury units (R--8 = R 3 ).
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VIO Velocity increment due to firing of the posigrade rockets. Mer-
cury units.

Vll
Velocity increment due to firing of the escape rockets. Mercury
units.

V12 Vector components of velocity adjusted for posigrades and tail-off

Mercury reference system, Mercury units.

VI3 Vector components of velocity after adjustment for tail-off only.
Mercury reference system, Mercury units.

R14; V---14 = Vector components computed from raw or processed AN/FPS-16
data. Mercury reference system, Mercury units.

V8e = Same as V 8 but in earth fixed reference system.

Vector components at fictitious altitude (hf) in Mercury reference
system, Mercury units.
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3.9 CAPSULE IMPACT PREDICTION CALCULATION (EMFIT)

This program is used by the launch phase to compute geodetic latitude and

longitude at impact, given the position and velocity vectors, (R6, V6)velocity

magnitude _1 Vb I_, flight path angle( y6 ), subcapsule geodetic latitude and longi-

tude ( ¢6 ' _ 6 ) at altitude of 450,000 feet. The flow chart for the EMFIT pro-

gram is shown in Figure 3-34.

3.9.1 Input Requirements

The following library subroutines are used by the EMFIT program:

U1SQRT -- Square Root

UIATNA -- Arctangent

U1ATAB -- Arctangent A/B

UISICO -- Sine/Cosine

U1ASCO -- Arcsine/Arceosine

UITACO -- Tangent/Cotangent

The following information from the TCMANR table is used as input to the
EMFIT program:

TCMANR + 166: I V61, Mercury units

+ 167: y 6 ' radians

+169--171 : R6

+172_174 :V 6

+ 175 : _6 ' radians

+ 176 ¢6 ' radians

components, Mercury units

components, Mercury units

The following information from the TCCONS table is also used as input to
the EMFIT program:

TCCONS + 71 : factor for conversion from Mercury units to ft/sec.

+ 98 : V , mean value of velocity, ft./sec.

+ 99 : _-, mean value of gamma, degrees.
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+ i00_ + 111 ".C1 _ C12

+ 112: I, nautical miles

+ 232 I constants for linear correction of I due to changeof capsule

+ 233_ weight.

+ 33: co, rotational velocity of the earth in radians/Mercury unit of
time.

+ 36 : Re , radius of the earth, Mercury units

+ 46 :_ /2, radians

+ 97 • R , nautical milese

+ 209 : {ac/bc}2 ; factor for conversion from geocentric to geodetic

latitude; a and b are dimensions of the Clarke spheroid.
C c

3.9.2 Output Requirements

The output of the EMFIT program is placed in the TCMANR table.

TCMANR + 187 location is used to indicate that maximum IP = 8 ° should be

displayed at Cape Canaveral in case of computed x IP east of Greenwich.

Calling sequence indicates where ¢ip and X IP should be stored.

3.9.3 Method

During the spring of 1960, a series of integration tables were generated at
NASA Langley. The computations resulted in a range of values for the down-
range distance traversed in descending from 450,000 feet to 60,000 feet. Know-
ing the nominal trajectory for the Mercury-Atlas flights, it was possible to de-
termine the expected V's and y's at 450,000 feet where 21,000 ft./sec. < I VI <

25,600 ft./sec. The integration program used assumed an oblate earth, rotating
atmosphere with density conditions defined by ARDC (1959}, and three degrees of
freedom where the capsule is a point mass with zero lift. Refer to Figure 3-35
for the following discussion:

The resultant values of downrange distance,[, were fitted, using the method
of least squares, and resulted in the following polynominah
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28548238 x 10 -9 V 3 4= . y + .68265288 x 10 -9 V 3 y3

4+ .62475098 x 10 -6 V 2 y + .59100400 x 19 -5 V2y

+ .31345620 x 19-5V 2 - .43086694 x 10 -2 V y3

+ .23747061 x 10 -1 Vy + .44627038 x 19 -1 V

+ .66648080 x 10 ° Y 4_ .27185713 x 10 Y 3

+ .14873996 x 102 y2 +.86767697 x 102y +

where V = I V 6 I - V¢ with V.= mean value of speed = 23,391.3384 ft./sec.;

Y = Y 6 - _with y = mean value of flight path angle = -4.1594 degrees; _ =

581.242093 nautical miles.

The values of downrange distance which were obtained from the integrations
and used in the empirical curve fit for 1 are a function of capsule weight. Since

the capsule weight has increased approximately 300 pounds, a linear correction
has been applied to the polynomial so that:

= 1.0071429J_ + .64287.
O

In generating the values of 1 from which the polynominal was developed, the

changes in latitude and heading angle at 450,000 feet were sufficiently small over
the area in question that their effect could be ignored. The application of the
polynominal is therefore limited to the North Atlantic Ocean portion of the
Mercury range. The curve fit is also invalid once the capsule has entered orbit.

Having computed J_o (nautical miles), it is possible to compute the latitude

and longitude of impacts as follows:

a) compute geocentric latitude at 450,000 feet:

c = arctan
Z6

X26 y2+ 6

whereX 6 , Y6 ' Z6 are thecompo-

- _<12.nentsofR6 and-_/2 <_c

b) Compute inclination angle at 450,000 feet:

h 2 + hy
i = arctan X

where h X, hy, h z

from the cross products of R 6

12

h Z t and¢-<i _< I _ i.

are the components of the vector which results
!

and V 6 :
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hx --Y6 6 - 6

Hy = Z6X 6 -X 6Z6

c)

h Z = X6Y 6 - Y6:_6

Compute the relative heading angle at 450,000 feet, that is the angle
between longitude and downrange direction:

IV 61 cos y 6 sin_. -_R cos
1 e c

= arctan
R IV 61 cos Y6 cos _i

where sin _. -- cos i , _. is the inertial heading angle,- _ < _"i < _ "1 1 -- --

cos I
C

cos _/i = /1 - {sin _i )2

= .058833543 radians/Mercury units of time

R = .999251039 Mercury units = radius of the earth.e

For further explanation of these formulae, see 3.9.5, Additional Com-
putations.

d) Compute co-latitude at 450,000 feet: _1 = _/2 - _c

e) Using the cosine law of spherical trigonometry compute the geocentric
co-latitude at impact:

_2 = arccos Isin_l sin_ORe cosWR + cos_l cos R_°le

f) Geodetic latitude of impact is then ¢IP = arctan [1.0068147688 tan

g) Longitude at impact using the sin law:

XIP = A6 + arcsin
sin_J R sin _O/Re

sin _2
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3.9.4 Usage

a} Various sections of launch transfer to EMFIT.

b} Storage Required:

1} Instructions -- 257locations

2} Tables -- 80 locations

c) Tables used:

TCMANR
Launch tables

TCCONS

TEMFI BSS 80,S

d} Calling Sequence:

TSX EMFIT, 4

PZE Location_Sip, , location h

e) Constants:

K.1RAD DEC 57.29577951

K001.0 DEC 1.0

K00. PI DEC 3.14159265

KKK2PI DEC 6.283185307

K00001 DEC 1

f_

IP

Timing:

The EMFIT program uses approximately 1007 machine cycles on the

7090 or 2195.26 microseconds.
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3.9.5 Additional Computations

Derivation of inertial azimuth in terms of inclination of the orbit and latitude

of position: z

_yv

x

Project N, r, S upon a unit sphere; the resulting spherical triangle has the

relationships:
B"

b

Using the law of cosines in its angular form: cos A" = - cos B" cos C'+

sin B" sin C" cos a the following is obtained:

cosi = -cos Acos 90 ° + sin A sin 90 ° cos¢

or

sin A = cos i

cos
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With reference to the triangle formed by dropping a perpendicular to the
local horizontal from the velocity vector:

J
V COSy

local horizontal

Then project the local horizontal into a plane comparable to the ZY plane,

letting Z be North and the y-direction be East:

N

)

,<

U

V cos y sin A

S

The angle between V cos y and the N - axis is the inertial azimuth by defi-
nition.

Now, since the rotation of the

direction of magnitude co R e cos ¢,
Z

Re cos _b

x
This velocity

N

earth results in a velocity in an easterly

<

u

is subtracted to obtain the relative azimuth of the capsule:

and tan AR =
(D R

/

- cos 9e

V cosy sin A-(0 R e cos_b

V cos y sin A

V cos y cos A
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BEGIN
MACRO

CONVERT1%1
FROM MERCURY UNITS

TO FT/SEC.

I V6 I. TCMANR+ 166

VELOCITY, V, FOR FIT:

v=1%1-9, MEAN
VALUE OF VELOCITY iS

(TCCONS + 98)

CONVERTY6 FROM

RADIANS TO DEGREES

TCMANR + 167:Y6

y FORFIE =Y6-
WHEREy IS MEAN

VALUE FORy (TCCONS

+ 99)

COMPUTE y2, y3, ).,4
AND STORE IN TEMFI +67--" 69

COMPUTE V 2, V3
AND STORE IN TEMFI + 64 _ 65

CLEAR TEMFI+ 1 FOR

COMPUTATION OF I.

FIGURE 3-34. EMFIT PROGRAM FLOW CHART (Sheet I of 4)
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AND

COMPUTE _= .C 1 V 3y4+C2 V 3 Y3 + C3 V 2y4+C4 V 2y

+ C5 V2+ C6Vy3+C7vy+ C8V+ C9y4

+ C10y3 ÷ C1 ly2+ C12Y+_r; _ IN NAUTICAL MILES

WHERE V= VGIVE N-23391.3384, VGIVE N IN FT/SEC.

Y=YGIVEN- (-4.1594), YGIVEN IN DEGREES

= 581.242093

C1 = .28548238X10 -9

C2 = .68265288X10 -9

C3 = .62475098X10 .6

C4 = .59100400X10 -5

C5 = .31345620X10 "5

C6 = -.43086694X10 -2

C7 = .23747061X10 "1

C8 = .44627038X!0 "1

C9 = .66648080X100

C10 = .27185713X10 +1

Cll = .14873996X10 +2

C12 = .86767697X102

CORRECT _ FOR CHANGE IN CAPSULE WEIGHT.

_= .0071429 I+ .64287 +

COMPUTE GEOCENTRIC LATITUDE:

lc z[_ 1
_b ARCTAN

WHERE x6, Y6'Z6 ARE COMPONENTS OF R6"

FIGURE 3-34. EMFIT PROGRAM FLOW CHART (Sheet 2 of 4)
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COMPUTE INCLINATION ANGLE AT 450,000 FT.:

h = Y6_6 - z6.Y6

h z x6_'6 -: Y6x6 _ i = ARCTAN hx + hy 2

z

COMPUTE _R: RELATIVE AZIMUTH

_ COS i _ 2 FPUT SIGN OF1

SIN _. = COS__i , COS_i = N1 - _C--_S_ c/ _6 ON COS_iJ

' cos._c I-Ivt cosy, SIN%-_ R. COS&

_R = arctan L IV61 COS y, COS _fi

WHERE co = .058833543 RAD/MERCURY UNIT OF TIME

R e : .999251039 MERCURY UNITS (RADIUS OF THE EARTH)

COMPUTE co LATITUDE AT 450,000 FEET:

_1 = r;/2 - "_c

COMPUTE co LATITUDE AT IMPACT POINT:

FIGURE 3 -34. EMFIT PROGRAM FLOW CHART (Sheet 3 0[4)
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COMPUTE GEODETIC LATITUDE AT IMPACT:

9_IMPACT = ARCTANO.006S147688TAN (_/2- J2)]

MC 105

COMPUTE LONGITUDE AT IMPACT:

_'IMPACT =)_6 + arcsin SIN_/R SIN ,_/R e
SIN J2

STORE
_JIP IN LOCATION INDICATED IN CALLING SEQUENCE.

STORE Zip IN LOCATION INDICATED IN CALLING SEQUENCE. TEST

_IP:

IF _'IP < n', ADD 2rr TO _'IP AND STORE

IN LOCATION INDICATED IN CALLING

SEQUENCE. THIS GIVES A _. EAST

OF GREENWICH. ALSO, SETXB

INDICATOR = 1 SO THAT MAXIMUM

IMPACT POINT (8 ° ) WILL BE SHOWN

ON PLOT BOARDS.

FIGURE 3-34. EMFIT PROGRAM FLOW CHART (Sheet ,4 0[4)
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3.10 COMPUTATION OF ELLIPTIC ORBIT PROGRAM (C9RVTH)

The purpose of C9RVTH is to predict the position and velocity of the Mer-
cury capsule assuming that elliptic motion with drag and oblateness perturba-
tions are absent. Given the position and velocity at some time t, C9RVTH com-
putes position and velocity at time t + A t or at a specified height above the
earth. The flow chart for C9RVTH is shown in Figure 3-36.

3.10.1 Input and Output Requirements

a) The following library subroutines are required:

U1SQRT - Square root

U1ATAB - Are tangent A/B

U1ATNA - Are tangent A

U3DOTP - Dot product of the vector

U3VMAG - Magnitude of the vector

b) Mercury subroutine C9ASKE is required.

The type of input and output generated depends upon which of the options in
Table 3-1 are selected. All values are Mercury units.

Options 6-10 assume that prior entry was made at C9RVTH and that the
initial _ and _ and the corresponding orbit elements are available in core.

a) C9RVTH may be entered in either of twoplaces, C9RVTH or C9RVT2,

depending on whether or not new orbit elements must be computed.

b) If the motion is nearly circular, i.e., eccentricity e < ecritical , the

calculation of the new position and velocity is not made. A special

return is provided to indicate e < ecritical.

c) C9RVTH checks to determine if the specified height h can be attained,s

i.e.,, it compares h s with the computed apogeeheight. A special return

is provided to indicate that h is greater than the apogee height.s

d) C9RVTH assumes that the computed At is positive.

3.10.2 Method

The C9RVTH uses the following equations:
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TABLE3-5. C9RVTH INPUT AND OUTPUT DATA FORMAT

OPTION AC MQ INPUT OUTPUT

1. Transfer to C9RVTH plus minus r, 9", At T" and 9'

2. Transfer to C9RVTH zero minus r-, v-; hs, R s r , v , At

3. Transfer to C9RVTH minus minus r, v, hs, Rs r , v , y, At

4. Transfer to C9RVTH plus plus _', v-_ t r"

5, Transfer to C9RVTH minus or zero plus r-, v, hs, R s _- , and At

6. Transfer to CgRVT2 plus minus A t F , and

7. Transfer to C9RVT2 zero minus hs, R s r , v , At

8. Transfer to C9RVT2 minus minus hs, R s r , v , y, At

9. Transfer to C9RVT2 plus plus A t _"

10. Transfer to CgRVT2 minus or zero plus hs, R s _- and A t
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r = L_L v =I_I

2
e cos E = rv - 1

a = r

n

1 - e cos E

1

f_ r_

e sin E = _/a

e = _/ (e sin E) 2 + (ecos E) 2

If e < ecritical, exit from the routine.

E = arctan (_sinE)'cos

M = E - e sin E

_ rr< E <rr

a) If H s is given, compute

r" = R +h
S S

If r" > a (1+ e), exit from the routine

e cos E" =
a - r"

a

e sin E" = -

M = E - e sin E

M - M
At =

n

e -(e cos E • )2

b) If At is given, compute

M" = M+ n At

Solve Kepler's equation M • = E"

-ecos E + cos Ef =
1 - e cos E

- e sin E

cos E +

for E

sin E sin E
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, , , ] 1g = (cos E-e) sin E - (cos E - e) sin E -n-

_.'= fF+ gF

Either Or

[sin E cos E" - sin E" cos E ]#% a (i- ecos E') f" = L(I- ecos E" ) ( - ecos E) n

"3

/2 1 [--ecos E'+ cos E' cos E+ sin E" sin E|

v' = /r - -- g'= L J" a 1 - e cos E"

e sin E" -
• v" = f'F + g'Ftan y - L 2

Vi - e

y" = arctan (tan y" )

3.10.3 Usage

a) Calling Sequence

TSX C9RVTH, 4 (orbitelements have not been calculated)
or

TSX C9RVT2, 4 (orbitelements have been calculated)

+1 PZE L (_), 0, L (V)

+ 2 PZE A, 0, B

+3 PZE L if'),0, C

+ 4 PZE Circular orbit - Exit 1

+ 5 PZE Cannot reach h
s

+ 6 Normal Return

- Exit 2

where the symbols in the calling sequence havethe following meanings:

MQ AC A B C

minus plus L tat) O L (rv')

minus zero L (Rs) L (hs) L iv')

minus minus L (Rs) L (hs) L (_')

plus (zero or minus) L (Rs) L (hs) O

plus plus L tat) O O
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and L (5) is the first location of the block containing the components

of the input position vector in Mercury units.

L (V) is the first location of the block containing the components of the

input velocity vector in Mercury units.

L (At) is the location of the input quantity At in Mercury units.

L (Rs) is the location of the input quantity Rs, radius of the earth in

Mercury units.

L (_') is the first location of the block containing the components of

computed position vector.

L (_') is the first location of the block containing the components of

the computed velocity vector.

L (_") is the first of two locations and contains the magnitude of the

computed velocity; the second word contains the computer flight path
angle.

Upon exit, C (AC) At in Mercury units if time was computed.

b) Space required

36910 locations excluding constants and subroutines.

c) Error Codes:

C9RVTH has two error returns:

1. A return to a +4 indicates a circular orbit.

2. A return to a + 5 indicates the orbit will not reach h s.

d) Constants Used

KECR. T DEC .003

K001.0 DEC 1.0

K00001 DEC 1

K002.0 DEC 2.0

K00003 DEC 3

KKK2PI DEC 6.283185307

test for circular orbit

two times Pi
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d) Timing

Maximum time including subroutines is 35.888 msecs.

3.10.4 Checkout

C9RVTH was tested by using the following input:

X : 1.02900366 X = .171182375

Y = 0.0 Y = .52874836

Z = 0.0 Z = .81420107

h = .021504685, At = .074366916, R = 1.0
s S

This input was put in the corresponding format and run with the Vanguard

programs EP 2 and FMV1. Results compared to 7 places.
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C9RVT_ ,,

STORE

AC IN C9ACC

MQ IN C9MQ

STORE

INPUT AND

INITIALIZE

STOR E

ADDRESSES

OF OUTPUT
L

t

U3VMAG _

TO_CALCUlATE / _,uK_/

r + v /

t

rv 2- 1 J

t
CALCU_ATE_

1

In---,/-_ I

I

U3DOTP

! /

I CALCULATE

• SIN E =

r ° ¥

V°

t
CALCULATE

e2= (e SIN E) 2

+ ( e COS E )2

U1SQRT

TO CALCULATE RETURN

TEST e

AGAINST • c

• c = .003

e_ It C

TEST

e>l

NO

CALCULATE

SET

e=l

< E< rr

FIGURE 3-36. C9RVTH PROGRAM FLOW CHART (Sheet 1 of 4)
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C9RVT2

STORE

INPUT

t
STORE

ADDRESSES

0OR-

C9OP2

CALCULATE

r'_ o(1+ o)

TEST
" L °(1+e_

I YES

CALCULATE
• COS E" =

(a- r')
a

CALCULATE

• SIN E" =

-_/e2-(e COS E')2

CALCULATE

M'= E'-

eSlN E"

NO

CALCULATEMe=sINE E- [

9ACC FOR]

OPTION_

TRANSFER
TO

a+ 5

t

TEST
M FOR

MINUS

TEST
M'FOR

PLUS

ADD M"

TO
2rr

1

C9ONE I

CALCULATE J

n At I( ._;_;;'.1

\ CALCULATE

\E: S,NE'.COSE'_

___ CALCULATE [
e SIN E"

• COS E"

FIGURE 3-36. C9RVTH PROGRAM FLOW CHART (Sheet2 of4)

3-146



MC I05

C9TWO

f

-eCOS E+COSE'COS E+SIN E" SIN E

1 - • COS E

g= EICOS E-e I SIN E'- ICOS E"-e I SINE ] In

C9THR

r = a(1-eCOS E')

C9MQ J -

C9HOW t -

YES

STORE

T'"

OUTPUT

t

 Acc: 
NO

YES

STORE

At IN AC

I

- e COS E') (1 - e COS E) n

r a 1- e COS E"

(b
FIGURE 3-36. C9RVTH PROGRAM FLOW CHART (Sheet 3 of 4)
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?
, • SINE=1__/_e2"

TAN 7

1
U1ATAB_°c_';u"_7
1

STORE

OUTPUT

T ", ;" ", 7,

At IN THE AC

CALCULATE

T" = f'T +

g v

1
STORE

OUTPUT

7"AND;'"

1

(cgAcc:o. )
NO

YES

r

G

STORE

At IN AC

FIGURE 3-36. C9RVTH PROGRAM FLOW CHART (Sheet 4 of 4)
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3.11 COMPUTATIONOF CIRCULARORBIT PROGRAM(CHNOND)

This program computes new R and V vectors if At is given and At and
the R and V vectors if h is given. The flow chart for the CHNOND program
is shown in Figure 3-37.

3.11.1 Input Requirements

The following library subroutines are used with CHNOND:

UISICO - sine cosine

UISQRT - square root

UIATAB - are tangent A/B

In the input block (in this order)

t - Time in floating point in seconds.

R - 3 locations for the R vector.

V - 3 locations for the V vector.

In the output block (first location)

t + At used if anew R and V is desired at At.

(floating point) - not needed if R and h is given.

Other values:

R - radius of the earth }not needed if At
h - height above the earth

lis given
These must be placed in the accumulator if neededJ

3.11.2 Output Requirements

The information serves as output of the CHNOND program:

t + At - time (in floating point) that the capsule will be at h. (if h
is given)

R - R vector at At+( 3 locations)

V - V vector at At+( 3 locations)

3-149



MC 105

3.11.3 Method

The following equations are used by CHNOND in computing R
ponents:

r O= VX2 + y2+ Z 2 (1)

2 2 2 2
v 0 = v X + Vy + v Z (2)

r 0
a0 = 2 (3)

2 - r 0 v 0

n o = a03/2 (4)

and V com-

% x % (5)

ho = V -ho -ho (6)

_0
r =

ho

-hy

cos_l_ 2hx 2 + hy

h X

sin_ hx 2+ hY 2

= (cos_, sin_, 0)

_= Yx_

2
C 1 = r 0 v 0 - 1 = 1

r 0

a 0

(7)

(s)

(9)

(I0)

(11)

(12)

(13)
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D = i+ %] 1 - C12 - C22

A 2 = _ (V0

B1 _ _0 N

r 0

M)

B2 = r 0 M

r 0

= C 1 B 1 - C2 A 1

I/ = C 1 B2 - C2 A 2

C
sine o = -A 1 (1- Cl)+_

cos(/) 0 = A 2 (1- C 1)+C_

f
_bO = tan-1 _c-_ _0]

"o = ¢o - c2

r = h+R

CI= 1 - r
a

o

C2=q _. 2 2 2+ _/ - CI

sine =

C0S¢ =

C2_ + CIT/

_=2 I/2+

CI_ - C2_

2 2
+

(14)

(15)

(i6)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

MC 105

New

Calculations

for those

values

(h given)
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At=
no

(30)

(31)

t t + At
O

(32)

_o + no At (33)

(34)

CI= _cos ¢i + _sin_bi

C2= _sin%- _TCOS%

¢i+i = ¢i + _+c2 - 0i
i - C I

(35)

(36)

(37)

C2 )(cosO-f + __.
r cos _ = ao D

C2 _)
r sinp =a O (sin_b- 7/ D

(38)

(39)

= (r cos ) N + (r sin _ ) M (40)

F .__

- sin _b + C 1

D
--'7

1/2
a (i - c i)

oo_¢ - c i
D

G//= a1/2 (I- C 1)

(41)

(42)
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V = (_ F + _ G_ )

3.11.4 Usage

a) Calling Sequence

InAC; 1) if R

2)

and V at At

if R and V and At

AC=R, 0, h where

0 = No tag, and

(43)

is desired, the accumulator = 0

are desired at height h the

R = L (R radius of earth),

h = L (h, height above earth)

a TSX CHNOND, 4

a + 1 PZE I, 0, O

a + 2 Error Return

a + 3 Normal Return

where I = L (Input block)

O = L (Output block)

MC 105

b) Space Required

Temporary 59

Constants 5

Subroutines 263

Instructions 421

Total 748

c) Error Codes

If the decrement of CHNOND = 1, the orbit is hyperbolic

If the decrement of CHNOND = 2, no intersection at 450,000 feet.
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d) Constants Used

K001.0 DEC 1.0

K002.0 DEC 2.0

K00. UT DEC 806.8104

K00.SH DEC .12394486 E-2

KKK2Pl DEC 6.283185307

e) Temporary Storage

f)

CTNOND BSS 53 (In program)

Timing

To find R and V at At

7.8 + n (6.5) msec if old elements are used

34.6 + n (6.5) msec if new elements are calculated

where n is the number of iterations necessary for 0 to converge.

(n will be 2 in most cases)

To find At, R and V at h

13.8 msec if old elements are used

40.6 msec if new elements are calculated

3.11.5 Checkout

The CHNOND program has been checked by comparing answers with a

numerical integration. Results were satisfactory.
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STORE XR'S I

STORE I

PARAMETERS I

AC:0 "_7

a 2 _,a

CH1 .._.i_

r0 =%]'X 2 +y2 +Z 2

V02= VX2+ Vy2+ VZ2

rQ,

a0 = 2 - r0 V02
3

X 0 = a 0 - _-

%= ;0×%
h0 =

h0 .,.,- hy / :

COS _ = Vhx2 + hY 2

SIN _ - hX

N/hx2 +hy2

: (cos _, SiN g2, o)

_= _xff
_r0

C1 = r 0Y._- I= 1 a0
r0 V0

A : V_'(Y_. N_)

A2 =_V'a(V , M)
B1 =r0"N

-%-

I z r0

J_"= C1 B 1 - C2 A 1

I
J STORE L(h)

-_j & L(R)al .-.)(:z

1

I
SINe0:- A, (1- C1)+ C1_'1

Icos ¢o: ¢/DA2 (1- C 1)+C 1

¢0 : TAN COS ¢0

k.J(IF¢0 =-' ADD 2rr)

: ¢o - c2

FIGURE 3-37. CHNOND PROGRAM FLOW CHART (Sheet ! o

1,2

r2)
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CHAL1

CH8

r=h+ R
r

C1 = I- a--0

C2 = _ ,_-_F'_'- 1

SIN_ = c1_
+77 2

- C2T /

COS_b _12_ + T/2

- I C2_: + CIT/
¢ =TAN

Ci_- C2T/

u = 95 -C 2

At u - u0
70

t =t o +At

, cos u = °o [ cos(/)- ¢ + c2 ,7/0]

r SIN u = a0[SIN-T/- C2 _'/D]

_'= (r COS u) R + (r SIN u) /_

--SINg+ C1 T//D
F =

U

(1 -- C1) a_

G =
U

cos¢ - c, $/D

(1-C1) a_

V= N F + BG
u u

RESTORE

XR'S

I

(

[
COUNT+ |-.-COUNT

NO

IS THIS THE

5th TIME IN

THIS LOOP?

1)

2)

CHAL2(_

/uu_qSi

0 "-_COUNT

CH15 _'_

I SOLVE FOR SINq5
AND COS_

c 1= _ cos ¢i+,1 SIN(_i
C2=_SINqS-7/ COS _b

Ag_ - u+ C2- _i
---r-- I- Cl

IA I:

YES I <-"

ERROR RETURNS

IF IN BOX CH1, THERE IS AN ERROR

RETURN FROM SQRT WHILE CAL-

CULATING D THERE IS A HYPER.

BOLIC ORBIT.

IF IN BOX CHAL1 THERE IS AN

ERROR RETURN FROM SQRT WHILE

CALCULATING C2, THERE IS NO
INTERSECTION AT 450,000 FEET.

FIGURE 3-37. CHNOND PROGRAM FLOW CHART (Sheet 2 of 2)
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3.12 RETROFIRE TIME CORRECTION PROGRAM (C9DTRF)

The purpose of the C9DTRF program is to compute the correction to the

estimated time for firing retrorockets to land in a designated recovery area.
The flow chart for the C9DTRF program is shown in Figure 3-38.

3.12.1 Input Requirements

Entry to C9DTRF is made with the longitude of the mid-point of the recovery
area in floating point radians (0_<A_<25) in the AC and the computed longitude of
the impact point in the MQ.

3.12.2 Output Requirements

Upon exiting from C9DTRF, the correction to the time of retrofiring in
Mercury time units is in the accumulator. If the computed longitude is within
range, the time correction is zero.

3.12.3 Additional Requirements

When first entering C9DTRF location TISTNO must be zero, indicating a
first iteration. For the next iterations until the computed longitude has con-
verged to the desired longitude (within the limits defined by the tolerance in
longitude), C9DTRF sets location T1STNO unequal to zero. After convergence,
i.e., when the time correction is computed to be zero, location TISTNO is reset
to zero within C9DTRF. If any limitation is put on the number of iterations and
convergence is not obtained, location T1STNO must be set equal to zero outside
C9DTRF.

3.12.4 Method

Equations Used

a) To take care of the discontinuity in longitude, the minimum distance,

Ahl min. I A1 min I -<180°) from XcomputedtO Xdesired is com-

puted. See Sheet 2 of Figure 3-38, for details of this calculation.

b) A t =A)tmin/(a) c -a_e!
a) = component of velocit eastwardc

co e= rotational velocity of the earth

c) a)c= (XY - YX)/IX2+ y2)

d) new time correction At = (At .... _^. _ • A)_min )//_kp

For details on calculation of Akp , the actual change in longitude

achieved by changing the firing time by the amount Atp, see sheet 2
of Figure 3-38.
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Accuracy

7 significant digits

3.12.5 Usage

a) Calling Sequence

a TSX

a + 1 PZE

a + 2 PZE

a+ 3

a+ 4

C9DTRF, 4

Loc. (lst component of R)

Loc. (lst component of V)

Tolerance in longitude

Normal return

Units: longitude in floating point radians; R and V vectors in
units.

It is assumed that the components of each vector are in consecutive

locations. Tolerance in longitude is 5 nautical miles. The same value
in radians varies with the latitude.

b) Space Required

9310 locations excluding constants.

c) Constants Used

K00.PI DEC

KKK2P1 DEC

K.OMEG DEC

K00060 DEC

K00001 DEC

d) Tables Used

TISTNO PZE

3.14159265

6.283185307

.058833543

60

1
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e} Erasable Locations

1210.

ENS{2}, RVEC {4}, HGDT, LMDA2, LCOM, LDES, DLMIN, DLPRE.

c} Timing

.504 msec if value is within range

2.772 msec for an initial refinement

1.524 msec for any other refinement

3.12.6 Checkout

First, C9DTRF was checked out by itself testing every variation in the pro-

gram. The numerical calculations proper to C9DTRF were compared with hand

calculations. Then C9DTRF was checked out together with R5RARF to test

how quickly its equations refined the time to fire sufficiently. For this phase of

the testing, Monitor controls for the R5RARF program were simulated and the

output of NOPCNI was used as input for C9DTRF.
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LOCATION OF f-, ;, AND TOLER-

ENCE IN LONGITUDE (E) ARE SUP-

PLIED IN CALLING SEQUENCE.

C(AC)=k DESIRED
C(MQ)=_. COMPUTED

OF IMPACT

UNITS: FL. PT. RADIANS

COMPUTE ACTUAL

CHANGE I1_,

LONGITUDE _p
ACHIEVED BY THE
TIME CORRECTION

Atp COMPUTED

IN THE PREVIOUS
ITERATION (SEE

FLOW CHART ON
SHEET 2)

COMPUTE NEW

TIME CORRECTION

MIN

At--_tp " A_,
P

SET INDICATOR

TO "NOT FIRST

I COMPUTETHE MINIMUM

IDISTANCE A_.MI N ( |AAMINJ

=-I < 180 ° ) FROM A¢ TO _p.

I (SEE FLOW CHART ON

I SHEET 2)
REFIN

IS THIS A \1 SET INDICATOR

t_L._TO 1st REFINE-

FIRST _EST I A MIN I/T- MENT
REFINEMENT J/ I CONDITION

TIME

CORRECTION

IS ZERO

REFINEMENT

!
COMPUTE _c'

VELOCITY OF

CAPSULE EASTWARD

XY- YX

_c= X 2 + y2

PLACE TIME

CORRECTION At

IN AC

_MIN MTU I

At = c°¢-_--_e I

(_E = ANGULAR J

VELOCITY OF RO-I
TATION OF EARTHJ

|,

SET

)k PREVIOUS:_.
c

At :At
P

FIGURE 3-38. C9DTRF PROGRAM FLOW CHART (Sheet 1 of 2)
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GIVEN Zc' COMPUTED LANDING POINT LONGITUDE

)_D, DESIRED LANDING POINT LONGITUDE

TO COMPUTE THE MINIMUM DISTANCE A _'MIN"

(POSITIVE OR NEGATIVE) FROM)_c TO _D"

COMPUTE

a = _D - XC

SET

A_.MI N = a

t

I GRTHP

a > 0 ,_- TEST (7 _0

A _'MIN = A _'MIN =
-2rr+o 2_+a

t I

TEST V

SET Xp

GIVEN )L PREVIOUS, LONGITUDE OF PREVIOUS LANDING POINT

XC' LONGITUDE OF PRESENT COMPUTED LANDING POINT.
Atp, TIME CORRECTION COMPUTED IN THE PREVIOUS ITERATION

TO COMPUTE THE ACTUAL CHANGE IN LONGITUDE, A Xp

ACHIEVED BY CHANGING THE FIRING TIME BY THE AMOUNT Atp.

!
SET

V = XC - _ PREVIOUS

A,. t)_-_ TE_TAt__ TESTV

= 2rr + V - 2_' + _

FIGURE 3- 38. C9DTRF PROGRAM FLOW CHART (Sheet 2 o["2)

3-161



MC 105

3.13 POSITION AND VELOCITY AT END OF RETROFIRE PROGRAM (R6BOTH)

Given position,velocity,and the time associated with these quantities at the

start of retrofire, R6BOTH produces the position,velocity, and the associated
time at the termination of retrorocket fire. The flow chart for the R6BOTH

program is shown in Figure 3-39.

3.13.1 Input Requirements

The following library subroutines are required:

a) U3UNTV - Generate unitvector from vector

b) U3VPRO - Vector "triple cross" product

c) UISQRT - Square root

The input to R6BOTH consists of seven words in consecutive ascending core

locations; time (associated with given _, r¢)in seconds, floatingpoint, _ com-

ponents (X, Y, Z), V components (Vx, Vy, Vz) all in Mercury units,floating
point.

The number of retrorockets fired, N , must be given as an integer in the

accumulator when entering the program.

a)

b)

c)

34 ° orientation is assumed for thethrust vector. 1080 lbs. Cat surface)

is the assumed (constant) thrust of rockets during retrofire. Vehicle

weight is taken to be 2711 lbs. in orbit, 2635 lbs. in re-entry.

Retrorocket firing intervals are 5, 5,5 seconds. The duration of each
burst is 12.0 seconds.

Retrorocket engines are assumed canted from center of gravity by

13.5 ° symmetrically.

3.13.2 Output Requirements

Identical to the input in requirements and format.

3.13.3 Method

The equations in question are:

r =r o+ Vo CAt)- (At)2 _o / 2ro3 _ (At)2

3
- + (At)V = Vo CAt) To / ro

_J2
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This program has been tested using 4, 3, 2, 1, 0 rockets; 5 iterations of a
single retro, with adjusted thrust and timing; and a single pass using average
thrust.

3.13.4

Place integral N in the AC,

R6BOTH, 4

L(1),0, L(O)

TSX

PZE

Error Return

Normal Return

where

a)

b)

a

a+l

a+2

a+3

N = number of retrorockets fired

L(I)= Location of first entry in input block

L(O) = Location of first entry in output block.

Locations

Program uses 200 locations of which the last 33 are erasable.

Error Return

Error return is made if and only if N _ 0, 1, 2, 3

c) Constants Used

K00001 DEC 1

K00003 DEC 3

K002.0 DEC 2.0

TTHRUS - 9 location table of thrust factors.

R6TMP is a block of 33 locations used for temporary storage.

d)

For N = 1, 2, 3 rockets fired

Time = 25.2 + 2 • (N-I).(24.352) msec (709)

(i.e. 122.6 msecfor N = 3)
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3.13.5 Checkout

Program has been checked inter se and by hand computation for N = 3.
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R6XA

IF NO RETROROCKETS

FIRE, INPUT AND OUT-

T ARE IDENTICAL

"K=(AW)W*

+ (AR)'f*

¢
GET At

COMPUTE
(At) 2

(At)2/r02

( At)/r02

I R6XU1

YES/
__ / PUT t, T, ;X

r_INTO OUTPUT ]

/ _ BLOCK /

R6XU¢ R6XV

kALL INDEX _RETURN)

'_REGISTE RS/

FIGURE 3-39. R6BOTH PROGRAM FLOW CHART
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3.14 COMPUTE LATITUDE AND LONGITUDE PROGRAM (A3MSCP)

Given an inertial position vector R (X, Y, Z) of the capsule at a particular
time, compute the geodetic latitude (¢) and longitude (X) of the sub capsule
position and the altitude (h) of the capsule at that time.

The flow chart for the A3MSCP program is shown in Figure 3-40.

3.14.1 Input Requirements

This program utilizes the square root library subroutine U1SQRT and the
arc tangent routine UIATAB.

The input to A3MSCP is a table of at least four locations containing the time
in the first location and the X, Y, and Z components of the given R vector in the
2nd, 3rd, and 4th locations respectively. Thetime may be in either floating point
seconds or in fixed point with seconds in the decrement and minutes in the ad-

dress as explained in 3.14.4, Usage. Components X, Y, and Z are in floating
point Mercury units.

3.14.2 Output Requirements

The output of ASMSCP is a three location table giving _,, ¢, and h in that
order in floating point Mercury units. _, is in the range from 0 to 2 _ radians.
¢ is from - _ /2 + _/2. (The computation of h may be omitted if desired;
see 3.14.4.)

3.14.3 Method

The following equations are used by the A3MSCP program:

e 2 N sin ¢ + Z

tan¢= _/X 2 + y2

= y2h sec ¢_/X 2 + - N

(1)

(2)

-1 Y
= tan --X-- -_t - Xg (3)

a 1
2

N J1- e 2 sin2¢ -_/1- e sin2¢
(4)

tan q_'" =
b 2 b2

2 tan¢ = tan ¢
a

(5)
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2

a___ tan ¢" _ tan _b" (6)
tan ¢"'= b2 =b2

The method used for determining _ and h was developed by the IBM Space
Computing Center. The derivation of equations (1) and (2) is attached. Equation
(3) is a standard expression of _ in the Mercury System. Equations (4), (5),
and (6) are standard geodesy textbook formulas.

If A3MSCP was entered with time in fixed point it is immediately converted
to floating point seconds and stored in a temporary storage location. If the pro-.
gram was entered with time in floating point that too is stored in a temporary

storage location.

3.14.4 Usage

a) Calling Sequences

There are two possible places to enter this program: at A3MSCP and

at A3MSCP + 12. The former is used ifthe input contains time in

fixed point (seconds in decrement and minutes in address)and the

later is used iftime is in floatingpoint seconds.

a

a+l

a+2

a+3

TSX

H

Error Return

Normal Return

A3MSCP, 4

L (Input table), L (Output table)

or

a

a+l

a+2

a+3

A3MSCP + 12, 4

L (Input table), L (Output table)

TSX

H

Error Return

Normal Return

Note: H in a+l signifies that if the sign of a + 1 is plus, H is com-
puted. If the sign of a + 1 is negative, H is not computed.

(Use PZE or MZE)

3-168



MC 105

b) Space Required

Instructions .......... 99

Erasable Storage ....... 10

UISQRT Routine ....... 52

UIATAB Routine ....... 106

Constants ............ 9

Output Table .......... 3

Total.. 279 (plus an input table of at least
4 locations)

As a first estimate of ¢ the angle¢"is used (geodetic latitude of the

intersection of the given radius vector with the surface of the earth)

and designated as _ i " Thus by equation (6)
Z

tan ¢i=--_ tan ¢'--- 1f2 _/X 2 + y2

1
The see ¢i ' sin ¢i ' and _-. values are now computed using tan ¢i "

I
1

Tan ¢ i + 1 may now be computed utilizing the new sin and _-- values

in equation I1).

The computed value of tan ¢i + I is used as the new estimate of tan ¢

and a second iteration of computations is made. The new value of

tan ¢i + 1 is the true value of tan ¢ correct to eight places.

Using this value and the arctangent subroutine ¢ is determined.

_t is found using equation (3). ¢ is between - _/2 and + rr/2 and is be-

tween ¢ and 2_ when stored.

The A3MSCP program now tests for the desire to compute h by

seeing if the sign of 1,4 is positive. If it is minus, A3MSCP returns

to 3,4. If the sign is plus, the program computes sec ¢i using the

true value of tan ¢.
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c)

1
Using this value and the previously computed value for _-, h is de-

termined and stored and the A3MSCP program returns to 3,4.

Error Codes

The only errors possible occur as returns from UISQRT and UIATAB

due to bad data. A3MSCP returns control to a + 2.

d) Constants Used

K00000 DEC 0

K00060 DEC 60

KCH233 OCT 233000000000

K.OMES DEC 7.29211508E-5

K.ECC2 DEC 6.6934215E-3

K001.0 DEC 1.0

K.INB2 DEC 1.00673852

KKK2PI DEC 6.283185307

KLAMDO* DEC 5.9368535

* KLAMDO is not a true constant.

changes with each day of the year.

e) Timing

Fixed Point

Fixed Point

Fixed Point

Rotation of earth in rad./sec.

Square of eccentricity

Floating Point

Inverse of square of
semi-minor axis

Two Pi

Inertial Longitude in radians
of Greenwich at midnight
preceding launch

It is a parameter whose value

Entering at A3MSCP (Time in fixed point}

1) computing H 19.7 milliseconds

2) not computing H 17.5 milliseconds

Entering at A3MSCP + 12 (Time in floating seconds}

1) computing H 19.1 milliseconds

2) not computing H 16.9 milliseconds
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3.14.5 Checkout

The A3MSCP program was checked out using R vectors whose geodetic

latitudes were approximately 15 ° apart from about 90°S to 90°N. Program

calculations of _, _ , and h were checked against hand calculations. Results

were satisfactory.
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IN PUT

RV T ABLE

i
I
L

TIME
X
Y
Z

_ CONVERT FIXED POINT

TIME TO TIME IN
FLOATING POINT

SECONDS.

b"
STORE TIME I

IN ERASABLE
STORAGE

INITIALIZE:
SAVE ALL XR'S

2'S COMP L (RVTABLE) -* XRA

t

l A:_ X2+y2
__ m .._, Z•

A3CDM | _'-
SEC(_i = %/TAN2(_i+I

TAN (_i
SIN(_ : SEC_

1 = %/1_e 2SIN 2(_i

-_i • 2 N i SIN (_i + Z
TAN (_i+1 = A

TAN (_i + ] -) TAN 9_i

l

( XRB : ] _

t __.

J 2'SCOMP L (PH TABLE)-_ XRBI

t
OUTPUTF_ _. = TAN- 1 - eT - _.g _ 0, 2

PH .[ "
TABLE I t

(IFDESIRED

XRB- 1 _ XRB

I RESTORE IALL XR'S

I
1,4 : - _ CONSTANTS FOR MERCURY SPHEROID:A=I

t+ 1 a-bF-
298.3 - a - .0033523298

J SEC_i = %/TAN2(_i + b = I-F = .9966476702

_'---lh=A SECt,-N, ]-.2,2lj e2 a2-b2
. = - 1 - b2 = .0066934215

a2

FIGURE 3-40. A3MSCP PROGRAM FLOW CHART
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I

r SIN (_-_5") N COS;;BY LAW OF SINES, R :- SIN ( 95- 95"') COS

N+ H _ COS 95"

, cos 95

©
©

; ° 1
WHERE N _/ I e2SIN 2 95 (3)

AND TAN 95"" = b2
a-'- _ TAN 95 (4)

AND TAN 95"": --a2 95:
s2 TAN (S)

SIN (95-95") : SIN95cos _"- cos _ SIN 95"

co__ b2S,N
- _/a. cos: 95+b4 S,N:95

a 2 COS. _ =
: s,N 95_/o4 cos295+b4 S,N295

rSIN (95-95)=rSIN95COS95"-rCOSq_SIN95"=V/'X"2+Y 2 SIN95-Z COS 95

HENCE THE 1ST EXPRESSION ABOVE GIVES:

X_+Y 2 SIN 95- Z COS95 N

(a 2-b 2) SIN 95 COS 95 : -_--

TAN 95-Z= _,'a2 "_ b2']/ -- "_

e2 N SIN 95 + Z

/ X2 + y2

FROM ANY BOOK ON GEODESY

_,_95-
a2 COS 95

(o2_ _2)SIN_ COS_,.
"Va 4 COS 2 95+b 4 SIN 2 95

N SIN 95 = e2 N SIN 95

TAN 95 =

/X + y2
h= N

cos
: SEC95_/x2+y2 _ .

I
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3.15 INERTIAL POSITION VECTOR CONVERSION PROGRAM (MMAQA)

This program converts an inertialposition vector from the launch phase to

local spherical coordinates and generates pointing data (azimuth, and elevation)

at various time intervals for use at Bermuda. The MMAQA program flow chart

is shown in Figure 3-41.

3.15.1 _nput Requirements

This program uses the UAILSC library routine.

serves as input to MMAQA:

X 3

Y3
Position

vector

Z 3

Time since launch

Location

TCMANR + 1

TCMANR + 2

TCMANR + 3

TCMANR + 29

The following information

Format

Floating point
Mercury units

Floating point seconds

3.15.2 Output Requirements

MCTADL: A control word indicating to Monitor when data is ready to be
converted and packed for transmission.

If 1 = data ready

If 0 = data not ready

The following data is stored in table TCMANR by MMAQA:

Location Contents

TCMANR + 225 T sub I

+ 226 A sub T I

+ 227 E sub T I

+ 228 A nominal

+ 229 E nominal

+ 230 AK

+ 231 AK + N

Description

Time of Acquisition data

Azimuth at time of computation

Elevation at time of computation

nominal azimuth

nominal elevation

first azimuth at time K

second azimuth at K + N

Format

Floating
Point
Radians

Floating
Point
Radians
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Location Contents

TCMANR + 232 AK + 2N

+ 233 AK+ 3N

+ 234 EK

+ 235 EK+ N

+ 236 EK+ 2N

+ 237 EK+ 3N

Description

third azimuth at K + 2N

fourth azimuth at K + 3N

first elevation at time K

second elevation at K + N

third elevation at K + 2N

fourth elevation at K + 3N

TMLABF - A 16 location output block is provided for OOLSTY

TMLABF

+ 1

+ 2

+ 3

+ 4

+ 5

+ 6

+ 7

+ 8

+ 9

+ i0

+ii

+ 12

Format

Floating
Point
Radians

Time (K) K seconds after Life-off Min _ address

Sec _ decrement

azimuth at time K Flt. Pt. Radians

elevation at time K Flt. Pt. Radians

Time (K+ N) K+N seconds after lift-offIMin in address

(Sec in decrement

azimuth at time (K+ N)

elevation at time (K + N)

time (K+2N) K+2N Sec 1 after lift-off

Flt. Pt. Radians

Flt. Pt. Radians

Min. in address

Sec. in decrement

azimuth

elevation

time (K+3N)

at time (K+ 2N)

at time (K+2N)

K+3N sec after lift-off

Flt. Pt. Radians

Flt. Pt. Radians

Min in address

Sec in decrement
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Location

TMLABF

a)

b)

c)

d)

Contents Description Format

+ 13

+ 14 azimuth at time (K+ 3N) Flt. l_. Radians

+ 15 elevation at time (K + 3N) Flt. l_. Radians

If elevation is negative zeros will be stored in the specified location
in TMLABF.

Locations TMLABF + 1, + 5,+ 9, + 13 will contain zeros since program
is not concerned with computing range.

The MMAQA program computes azimuth and elevation at a given time
and a nominal azimuth and elevation, and then computes A A and A E

from the difference between the given and the nominal values. These
deltas are used to correct the nominal azimuth and elevation which are

stored in the TCCONS table. This data is stored in TCMANR and in

TMLABF to be converted and sent to Bermuda via the teletype line.

Constants which should be taken into consideration are coefficients of

the functions used to compute nominal azimuth and nominal elevation.
These are located in table

TCCONS + 220 --- TCCONS + 222 for azimuth

TCCONS+ 223 --- TCCONS + 225 for elevation

e) Also, the nominal azimuth and elevation at the following times:

Location

TCCONS+ 184

+ 185

+ 186

+ 187

+ 188

+ 189

+ 190

+ 191

Contents

nominal azimuth at 210 sec

nominal azimuth at 240 sec

nominal azimuth at 270 sec

nominal azimuth at 300 sec

nominal azimuth at 330 see

nominal azimuth at 360 sec

nominal azimuth at 390 sec

nominal elevation at 210 sec

Format

Flt. l_. Radians

Flt. Pt. Radians

Fit. l_. Radians

Fit. l_. Radians

Flt. Pt. Radians

Flt. Pt. Radians

Flt. Pt. Radians

Flt. l_. Radians
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Location Contents Format

+ 192 nominal elevation at 240 sec Flt. Pt. Radians

+ 193 nominal elevation at 270 sec Flt. Pt. Radians

+ 194 nominal elevation at 300 see Flt. Pt. Radians

+ 195 nominal elevation at 330 see Flt. Pt. Radians

+ 196 nominal elevation at 390 sec Flt. Pt. Radians

Time at which this program is entered from CCMAIN is located in TCCONS
+ 217.

K which is the time of the first predicted value is located in TCCONS + 219.

N which is the interval at which pointing data is computed for Bermuda is
located in TCCONS + 218.

The following values from the Bermuda station characteristics block are
needed:

Position Description Format Units

8 sin ¢ Floating point Radians

9 cos ¢ Floating point Radians

10 R sin ( ¢ - ¢9 Floating point Earth radii

11 R cos {¢ -¢9 Floating point Earth radii

18 Inertial _ at Floating Point Radians
Reference Time

3.15.3 Method

m

nora

The MMAQA program uses the following equations:

A = A T. 2 + B T. + C : To compute nominal azimuth
nOITl 1 1

(A, B, C being coefficients; T i being time)

D T. 2 + E T. + F : To compute nominal elevation
1 1

3.15.4 Usage

To enter program CCMAIN should transfer to location MMAQA, a test will

then determine flow of program.
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The only error return in program will be from subroutine UAILSC. If this
occurs, MMAQA will consider data being computedto be bad andwill transfer
out to CCMAIN.

Space Required:

Instructions 109

Constants 7

Common 29

Subroutine 209

267

621

145

Constants used:

K00001 DEC

K00060 DEC

K0.375 DEC

K004.0 DEC

K0060. DEC

KD0001 PZE

KCH233 OCT

{U1ALSC}

(U1SICO, U1ATNA, U1ATAB, U1SQRT}

Locations {including subroutines}

Locations {excluding subroutines}

1

60

0.375

4.0

60.0

, , 1 (1 in decrement}

233000000000

Erasable and common locations:

MMTAD P ZE

MMTMP BSS3

MMCON BSS 6

MM DLA P Z E

MMDLE PZE
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MMIPA

MMIPB

MMIPC

MMIPD

MMIPE

MMOPT

Timing:

CCACQ

UAILSC

Total

PZE

PZE

PZE

PZE

PZE

BSS 12

O. 03 milliseconds

3.7 milliseconds

3.73 milliseconds
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G
EACH FT- RS T

SUCCEED- J TIMEING TIME MMAQA ONLY

J STORE L IN TAD ]COMPUTE L + 4N

1
J SET SWITCH TO JTRANSFER TO MMAQB

MAQB

NO f-_ TAD : Ti < 3/8? /_'_

YES _

CONVERT Tnow FROM FLT.
PT. SECONDS TO FIXED

POINT MIN -) ADDRESS SEC
-_DECREMENT FOR UA1LSC

MMAQD

READ R3 VECTOR
INTO INPUT LOCA-
TIONS TO BE USED

IN UAILSC

COMPUTE THE
FIRST LOCATION

OF THE BERMUDA STA-
TION CHARACTERISTIC

BLOCK FOR UAILSC

ERROR
X3' Y3' Z3 AT Tnow\

RETURN TO AZIMUTH AND )
ELEVATION USING /

UAILSC /

MMAQF _

DATA IS

ACCEPTED, IN-

CREMENT TAD
BY N SECONDS

I

MMAQG _:

READ IN FUNC-
TIONS TO COMPUTE

NOMINAL A AND E

I

XRI-1 --, XR1

l
( )

FIGURE 3-41. MMAQA PROGRAM FLOW CHART (Sheet 1 of 2)
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FIGURE 3- 41.

MMAQH ?

COMPUTE AND STORE:

A nom = f (Ti)

E nom = g (Ti)

MMAQI

COMPUTE AND STORE:

A A: ATi-Ano m

A E = ETi-Enom

MMAQJ

I STORE ZEROES INTO ILOCATION TMLABF

MMAQL

COMPUTE AND STORE:

AK= AKnom+A A

AK+N= A(K+N)nom + AA
A

-AK + 2N = A( K + 2N )nora -t- A

AK+3N A(K+3N)nom+ A A

COMPUTE AND STORE:

E K= EKnom+A E

EK+N= E(K+N)nom+ A E

EK+2N = E(K+2N)nom+A E

EK+3N = E(K+3N)nom+ A E

MMAQM

DEFLOAT AND STORE

TIME IN FIXED POINT,

MIN -_ ADDRESS SEC

DECREMENT IN TMLABF

INDICATE TO MONITOR THAT

AQUlSITION DATA IS READY

TO BE CONVERTED AND

PACKED IN MCTADL

MMAQA PROGRAM FLOW CHART (Sheet 2 of 2)
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3.16 PRINT ON-LINE MESSAGE ROUTINE (PSIP)

This is a subroutine used exclusively by CCMAINto print on-line messages.
The flow chart for the PSIP routine is shown in Figure 3-42.

3.16.1 Input and Output Requirements

a} Communication cell MCLMSG.

b}

c)

When entering PSIP the AC must contain a number related to the num-

ber of the message which is to be printed. {All messages are numbered
on the message tape.}

There are two returns from PSIP: a normal return and an error re-

turn. The normal return means that the number in the AC was packed
into MCLMSG and the message will be printed under Monitor control.

The error return indicates that cell MCLMSGwasfull and the message
will be lost. In this case, a 1 is stored in the decrement of location
PSIP.

3.16.2 Method

Monitor Communication cell MCLMSG is divided into four sections of 9 bits:

MCLMSG: I l I l l
S B 8 B17 B26 B35

Message numbers are right justified in each section. PSIP checks each section,

starting with bits 27 - 35. If there is a message code already present, it checks
the next section, bits 17 - 27 and etc. When an empty section is detected, the
new message code is stored in that section. If there is no empty section, an
error is indicated as above.

The printing routine is activated in Monitor launch program MLUPDT when-

ever there are messages to be printed, i.e.,when MCLMSG _ 0. As the messages
are printed on-line, Monitor clears the sections of MCLMSG.

3.16.3

a) Calling Sequence:

Message code must be in accumulator.

TSX PSIP, 4

Error Return

Normal Return
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b) StorageRequired: 29 locations

Reference is made to one monitor communication cell:

c) Timing:

Shortest:

Longest:

20-7090cycles

41-7090 cycles

MCLMSG.
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BEGIN MACRO

PUT MCLMSG
IN SENSE

INDICATORS.

IS THERE A _'_

ESSAGE (B 35))

k,.TO BE PRI NTED?J

YES t

SHIFT THE C(AC)
LEFT 9 BITS.

NO
"OR" TH E MESSAGE
CODE IN THE AC TO

MCLMSG, B 35.

,STHEREA"_
MESSAGE B 26

TO BE PRINTED? J

YES

NO "OR" THE MESSAGE
CODE IN THE AC TO

MCLMSG, B 26.

SHIFT THE C(AC)
LEFT 9 BITS

IS THERE A _ "OR" THE MESSAGE
MESSAGE B 17 NO _-_ CODE IN THE AC TO

TO BE PRINTED?j MCLMSG, B 17.

YES

J "OR" THE MESSAGE I

SHIFT THE C(AC) ---.J CODE IN THE AC TO

LEFT 0 BITS. l ] MCLMSG, B 8.

i I
IS THERE A .- I

_,,. TO BE PRINTED?J / i;; ;_E'G'/N

CLER YES_ 1---_ MACRO:n_THE )

I STORE;,N I I \ ;_U_;,,./
I DECREMENT I-....--J _. /

I OFPS,P. I
FIGURE 3-42. PSlP ROUTINE FLOW CHART

_r

/ RETURN \

. (B EGlYlAMTHEo TO/

\ THE NORMAL /
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3.17 HOLD PHASEMAIN CALCULATION PROGRAM(CCHOLD)

CCHOLD computes the subcapsulepresent position. It then determines the
existence of oneof the following conditions andtakes the indicated action.

a) The prior indication given by CCMAIN that powered flight has ended
is still valid. The test in c) is then made.

b) It is invalid. Monitor is informed to return to the complete launch
processing.

c) The prior indication given by CCMAIN about the number of posigrade
rockets fired is still valid. The CCHOLD computation is then com-
plete, or,

d) The prior indication about the posigrade is no longer current. A di-
rect transfer into the middle of CCMAIN is made, causing recomputa-

tion of the GO, NO-GO recommendation and the At r .

The CCHOLD program flow chart is shown in Figure 3-43.

3.17.1 Input Requirements

The hold phase is entered after the normal launch cycle has been completed;

that is, after the GO, NO-GO calculation has been made. The program obtains
control at a rate equivalent to the arrival rate of the selected source.

3.17.2 ____!put Requirements

Computes present position (_pp and _,pp).

3.17.3 Method

Upon entering the program, the latitude and longitude areupdated by the
subroutine A3MSCP which uses the new capsuleinertialposition r at a given t.

Because the GO, NO-GO computation could have been made without having
received CAPS or the signal may have since disappeared, a check is made to

determine if the signal is present in the current telemetry. If CAPS or ABOI is
indicated then the program checks for a change in posigrade telemetry and saves
the new count of posigrade rockets fired.

When a change in posigrade information is determined a further check is
made to determine whether B-GE or Azusa datawas available during the GO,NO-
GO. If so, CCHOLD then recalculates the final GO, NO-GO including the change

in velocity due to posigrades. If there is no recalculation, the program will exit
to the Monitor suffix {MFLHLD) which allows the launch system to cycle in the
hold phase.
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When both CAPS and ABOI are missing, CCHOLD then checks the discrete

signal SECO. If SECO has been received an internal indication is set so that
hereafter CAPS will not be assumed. The various counters and indicators used

for the GO, NO-GO are then reinitialized and exit is made to the Monitor suffix
(MFLNML) which will cause execution of the complete CCMAIN program.

It should be emphasized that SECO and ABOI are not treated in the same
fashion. Since SECO appears as a discrete signal in the B-GE data, it cannot be

manually overridden. Therefore, if we choose to believe that our GO, NO-GO
calculation was valid purely on the basis of a possible erroneous SECO and an
assumed CAPS, no verification of the true termination of powered flight would be
possible. Thus, we have to await either of the telemetry signals CAPS or ABOI,
which can be overridden by the Cape, before we can assume that powered flight
has terminated.

3.17.4 Usage

Constants:

K00010 DEC i0

K00008 DEC 8

KCH233 OCT 233000000000

K003.0 DEC 3.0

Space Required:

71 instructions

Under certain conditions CCHOLD uses certain sections of CCMAIN

constants:

TCCONS + 149" DEC 20000000.

TCCONS + 90: DEC .92534419 E-3

24 ft/sec, Mercury units
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<COMPUTE>Tno w= TL.O. + T i

NOTE

MONITOR WILL STORE THE Ti_3V 3 COMPUTED BY

COORDINATE CONVERSION OF IP 7090 IN TCMANR OR

CCRAWR WILL STORE T11_V_ _ IN TCMANR

FIGURE 3-43. CCHOLD PROGRAM FLOW CHART (Sheet 1 o[3)
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SET

f=a

COMPUTE _pp; _.pp

USING THE OUPUT OF

SMOOTHING OR CCHOMI

STORE (_pp; _.pp
IN TCCOUT

CAPSULE J

EP A R A.T E D_// 1

ABO,

_RECEIVEDJ

FIGURE 3-43.

CCMHB

SET

I = 0

G COUNTER = 10

H COUNTER = 0

F COUNTER = 0

SET:

Ti = Tnow- TL.O.

TABOI = 0

ORBIT CAPABILITY = 0

CLEAR GO, NO-GO INDICATOR IN MAIN OUTPUT TABLE

TCAPS = 0 SET HOLD PHASE INDICATOR

CLEAR CAPSULE SEPARATION INDICATOR

CCHOLD PROGRAM FLOW CHART (Sheet 2 of 3)
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DE TELEMETRY
NGED SINCE THE ]

_ST COMPUTATI_.J

I YES

OSIGRADES FIRED

(ON-LINE)
STORE NEW n IN

TCMANR + 50

_H IS THE 0_

COUNTER =
?

COMPUT E /

n
IVlol =_.Vp

NO

YES

FIGU RE 3-43. CCHOLD PROGRAM FLOW CHART (Sheet 3 of 3)
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3.18 MISSING DATA COMPUTATION PROGRAM (CCMISS)

The function of this program is two-fold. Primarily, it examines the avail-
able telemetry for signals and records the time associated with the new signals
and clears the indicators associated with previously detected signals which have
since disappeared. Secondly, CCMISS updates the velocity ratio and the flight
path angle for display on plotboard I and also on the Flight Dynamics Officer's
Console (FDOC). The CCMISS program flow chart is shown in Figure 3-44.

3.18.1 Input Requirements

This program is entered during the normal launch cycle whenever there is
no data or whenever the data recorded is of poor quality. The entry rate is there-
fore a function of the 1/2 second missing data check or the arrival rate of the
selected source.

3.18.2 Output Requirements

Prior to ABOI (abort initiate)or ESRF (Escape Rockets Fired) the Velocity

Ratio (V/Vr) and the flightpath angle (y ) are updated by extrapolation in the

following manner. First the nominals for each are obtained by solving poly-

nominals (for V/V r and for (y) with respect to time). Then the last deviation

from the nominal, which was calculated with the last good data, is taken from

storage and added to the new nominal. This constitutes the extrapolation of

V/V r and y . This updating is discontinued after ABOI or ESRF.

Iftower separation (TOWS) has not occurred, the program constantly checks

for ABOI. Having received this signalitnow awaits the indication of ESRF. The

firing of the escape rockets prior to TOWS and the receipt of the abort bit are

sufficientto place the program system into one of the two abort programs below
TOWS.

The low or medium abort programs are not used after TOWS. If ABOI is
detected the capsule separation signal is tested (CAPS) or, after sufficient time
has elapsed, the capsule separation is assumed. Exit is then made to the Monitor
suffix (MFLNML) or to the block CCMLV tin CCMAIN).

3.18.3 Usage

Storage Required:

192 instructions.

CCMISS then transfers to various sections of CCMAIN.
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STORE TIME TAG OF MISSING
DATA IN TCMANR + 48

YES

WAS TOWS /RECEIVED?

NO

_ ,sABTs'_
NDICATOR ON?/

YES

FIGURE 3-44 CCMISS PROGRAM FLOW CHART (Sheet 1 of 6)
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SET: TSECO = TiD

TSECOno m = T i

PRINT: SECO SIGNAL

HAS BEEN RECEIVED.

CMNEE y

( HASCAPSULE _._SEPARATED?

/ I__ _YES / CMNSA

SET TTOWS-- Tit /

PRINT: TOWER

= " SEPARATION SIGNAL

HAS BEEN RECEIVED

]

I D SET

,c 0)
SET: TABOI = Tit /

TSECO nora = TABOI - h

PRINT: ABORT INITIATE

SIGNAL HAS BEEN RECEIVEDH°1
SET: TCAPS =0

_" = TSECO + f

IS YES

TABOI = 0?

NO

CMNSE

HAS CAPSULESEPARATED?

CMNSF- I

( 'sTCAPS = O?

NO
r

NO

Ivul = Iv31+ vP

v_2 -- v3. c_+ vP/Ivsl_
H=0

G= 10

I --0

F=O

GO, NO-GO = 0

_--_i SET: TCAPS = 0 /_'= TABOI + g

SET: \

TCAPS = Tit \

t = TCAPS

PRINT: CAPSULE /

SEPARATION SIGNAL /

HAS BEEN RECEIVED/

FIGURE 3-4,4. CCMISS PROGRAM FLOW CHART (Sheet 2 of 6)
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I SET

TABOI = 0

CLEAR ABTS
INDICATOR

•_SET T oscr

NO _WAS ABOl RECEIVED_

YES I CMNSG

( SETABTS /SWITCH

_ IS TABOI= 0?

NO I.

I_CMNSH

WERE ESCAPE )= 0 ROCKETS FIRED?

YES 1 CMNSI

IS Tescr = O? "_YES2

NO I_

YES

CMNSB

SET TABOI= Tit

PRINT: ABORT INITIATE
SIGNAL HAS BEEN

RECEIVED

I

SET Tescr = Tit

PRINT: ESCAPE
ROCKETS HAVE BEEN

FIRED

FIGURE 3-44 CCMISS PROGRAM FLOW CHART (Sheet 3 of 6)
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CCMNB

YES f\
IS T i < t" ?

NOTE: T. IS CONTAINED IN CELL MCSELM
I l FIND NO. OF POSIGRADES

FIRED

COMPUTE POS VELOCITY

CCMND

YES

CCMND

/ SUBTRACT 1 FROM G COUNTER )

1
IS G COUNTER = 9?

FIGURE 3-,14 CCMISS PROGRAM FLOW CHART (Sheet 4 of 6)
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CCMNE

CCMLK /

YES / IS G = 0? / NO

CCMNF

FIGURE 3-44 CCMISS PROGRAM FLOW CHART (Sheet 5 0[6)
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/
COMPUTE:

('-_r/ nom ANDYnom

AS SHOWN IN STRIP CHART
PROCESSING

BELOW STAGING

YES

SET TCAPS = 0/

CCMNG

/
NO

COMPUTE:

C'-_r / nom ANDYnom

AS SHOWN IN STRIP CHART
PROCESSING

ABOVE STAGING

COMPUTE:

W Ik /Vr/ ml_'--'Vr/nO-_r= -- + nom

)/= E)/ -- )/nom l + _/nom

AND STORE BOTH IN THE MAIN OUTPU'_

TABLE

NO

.[ CCMNZ

/'WAS TOWS RECEIVED? /

NOTE: T. IS CONTAINED
!

IN CELL MCSELM

YES

YES _S ABTS INDICATOR ON_

FIGURE 3-44 CCMISS PROGRAM FLOW CHART (Sheet 6 of 6)
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COMPUTE: 1

Tno w = TL. O + T i

EXTRAPOLATE R3ave

USING C9RVT I OR CHNOND

[

USE AS INPUT
THE VALUES OF

R3ave; V12ave; A t

At= T i- Tiave

NOTES:

T i IS FOUND IN MCSELM

TL.O. IS FOUND IN MCLFTM

Tiave IS FOUND IN TCMANR + 55

FIGURE 3-45 CCHOMI PROGRAM FLOW CHART
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3.19 MISSING DATA DURING HOLD (CCHOMI)

If during the hold portion of the launch phase CCRAWR or CC7091 rejects the
bad AN/FPS-16 data entering line 2, or there is only Azusa data or there is no

data available, then the CCHOMI program is used. This program extrapolates the
average R and V vectors for use by the CCHOLD program. The flow chart for
CCHOMI is shown in Figure 3-45.

3.19.1 Input Requirements

Control is given to the program after the GO, NO-GO calculation has been
made and the selected source data is missing or-of poor quality. The rate of
entry is therefore governed by the 1/2 second missing data check or the arrival
rate of the selected source.

3.19.2 Output Requirements

Extrapolates the R and V¢ vectors for input to the Main Computation Dur-

ing Hold program (CCHOLD).

3.19.3 Method

This program performs the same function as CCHOLD with one exception.
Because there is no current inertial vector from which to calculate the present

capsule position the program, using subroutine C9RVTH, or CHNOND (in the
case of a circular orbit), extrapolates to present time the average vector ob-
tained from the CCMAIN program. This extrapolated vector is then used by the

CCHOLD program. For further details see the write-up discussing CCHOLD,
which operates exactly as this program after this point.

3.19.4 Usage

CCHOMI uses 36 instructions and then transfers to a section of CCHOLD.
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3.20 LOW ABORT PROGRAM (CCRTYL - CCRTMI)

If a decision is made by Cape Canaveral to abort the mission before the
launch vehicle has reached 100,000 ft. then the Goddard computers use the

CCRTYL program. This program computes the display quantities which
Goddard supplies at 6 second intervals to the displays at Cape Canaveral. If

the abort decision is made prior to any data entering this program at the
specified input times, then entry is made through the "missing data entry"
(CCRTMI) which updates _ and V parameters by elliptical extrapolation and
then uses the updated quantities to compute outputs for display at Cape Canaveral.
The flow chart for CCRTYL - CCRTMI is shown in Figure 3-46.

3.22.1 Input Requirements

Input to CCRTYL consists of seven locations in the input block of the pro-

gram in the following order:

T - Time since life off (floating point seconds)

R3 - Positional data (Mercury units, inertial coordinate system)

-V 3 - Velocity data (Mercury units, inertial coordinate system)

If entry is made through the "missing data entry" CCRTMI no input is
required.

The following Mercury programs and library routines are used by CCRTYL:

U1ASCO

U1SQRT - square root

U3VMAG

C9RVTH

A3MSCP

U1ATNA

3.20.2 Output Requirements

TCCOUT

+1

+2

+3

+4

CCRTYL generates output for the following TCCOUT table locations:

¢ pp (Geodetic Lat. of Present Position) Floating Point radians.

pp (Geodetic Long. of Present Position)Floating Point radians.

Crefined (Geodetic Lat. of impact point)Floating Point radians.

(Longitude of Impact Point) Floating Point Radians.

Ground Time Remaining Until Landing (seconds in decrement -

minutes in address)
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+ ii

+ 12

+ 13

+ 14

+ 15

+ 16

+ 17

+ 21

+ 23

+ 25

+ 28

+ 29

Orbit Number (Set to 0)

GMTLC (GMT of Landing) (seconds in decrement- minutes in
address)

¢ LP (Geodetic Lat. of Landing Point) Floating Point radians.

LP (Geodetic Long. of Landing Point) Floating Point radians.

H (Altitude of Capsule) Floating Point nautical miles.

y (flight path angle) Floating Point radians.

Elapsed Ground Time Since Retrofire = 0

i (inclination angle) Floating point radians.

V (inertial velocity) Floating point ft/sec.

Elapsed Time Since Launch integral seconds.

H(altitude of capsule) Floating Point nautical miles.

Recovery Area Set for Recovery Area A.

3.20.3 Method

The following equations are used by CCTRYL:

T i = T.I_ 1 + ATcoNs (used by CCRTMI only)

I R3 I =/X32 + Y32 + Z32

h 1 31 - RE

t Vsl : v/_s 2 + _s 2 + _s2

-1 X3 :_8 + Y3 Y8 + Z3 Z8
y = sin

I R3L IVs I

= TL,Tnow O, + Ti
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(X3:{8+ Y3Y8+ z3 i8 )2...... IR__31

2-IR31 IV812

+ [IR31 [V812 -1] 2

hAp = ( IR31Iv l

GMTLC = TL'O + T.1

2) {i+ e) - R E

+ A TL

3.20.4

Tf =TL. O + Ti + ATf
]

:_8 = :{8+
e °Y3

" _ _'8
Y8e - OJX3

_8 -- _8
e

AT L= ATf.+ Kf. (j = 1, 2)J
J

Usag______ee

(j= 1, 2)

Constants

Value Function

K00. UT 806.8104 Conversion Mercury units to seconds

.999251039

3443.929

Radius of spherical earth {Mercury units)

Conversion Mercury units to nautical
miles

KCFTSC 25936.294946

(Constant subject

Conversion Mercury units to feet per sec.

Apogee constant used to discriminate

to change - Mercury between using inertial or rotational co-

units) ordinates to compute impact points
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K. OM EG

MCLFTM

MCFINI

MFLRT1

.058833543 angular velocity of earth (radians per
Mercury unit of time}.

contains time since lift off (sec.)

= 0 continue computations
/_= 0 instructs monitor to cease inputting

to low abort program

suffix to CCRTYL, CCRTMI
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TORE C(TCMANR+ 4,5,6)_
INTO /

C (TCMANR+ 33,34,35)/

JPC +

h = IR3I-RE

7 = SIN'1 X3)( 8 + Y3 _'8 + Z3 :;'8

I%1 IvsI
TNO w = TL.O. + T i

_)pp, _pp = f (R3, GMT)

CCJPB I

. =/X3 )(8 + Y3 Y8 + Z3:78)2

/ IR31

2-IR311VsI2

2-IR31 1%12/ (1+hAp

R3i ' V8i = f(R3i.1" V8i.1 ' A TCONS )

T I = Ti. 1 + ATcoNs

R3i _ C (TCMANR + 1, 2, 3)

V8i _, C (TCMANR + 33, 34, 35)

T i _ C (TCMANR)

R31-_ TCMANR + 31

h _ TCCOUT+ 15
h -) TCCOUT+ 28

V8[ • TCMANR+ 36

V81 _. TCCOUT + 23

7 _ TCCOUT+ 16

T i --) TCCOUT+ 25

TNOW _, TCMANR + 29

pp. -, TCCOUT

_, pp --) TCCOUT + 1

+[IR31Iv812-,12
• -_ TCMANR + 186

e_-RE hAp._ TCMANR+ 1

FIGURE 3-46 CCRTYL-CCTRMI PROGRAM FLOW CHART (Sheet ] o[2)
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(,ShAp>A,)YEs
NO

YES [ IS hap< hfi? "_

JPCI\

AT L- 0 ATL_TCMANR+246 \ /ATf2= F(R3, Y8, hf2)

_blp=Cbpp cblp_TCCOUT+2, TCCOUT+ 13 / \ ATL=ATf2+ Kf2 ATL_ TCMANR+246

_.lp=_.pp XIp*TCCOUT+3, TCCOUT+ 14 / \ Tf= TL.O.+ Ti+ATf2 Tf-,..TCMANR+44

JPC2 NO

)_8e = )(8 + WY3 )(8 e -* TCMANR + 41

Y.8.:';'.8-wx3 v_._,TCMANR÷42
Z8e = Z8 _'Se " TCMANR + 43

= f (R3, VSe, hfl ) Rfl _ TCMANR + 45, 46, 47f

Tfl = f ( R3, V8e, hrl)

T L = ATfl + Kfl AT L _ TCMANR + 246

Tf= T k 0 + Ti +ATfl _,TCMANR+44
I

I JPC5

_IP '* TCCOUT + 2, TCCOUT + 13

_'IP -" TCCOUT + 3, TCCOUT -t 14

GMTLC=TL.o+ T i + AT E GMTEC _ TCCOUT + 12

r YES YES t

IS JPCA ISATf < 6?

GIVE MONITOR SIGNAL
NOT TO RETURN TO NO

NO RE-ENTRY BY
SETTING MCFINI

/:o

JPC6 _I=

ETRFC = 0 ETRFC-) TCCOUT + 17

ORBIT NO.= 0 ATLORBIT-*TCCouTNO"-*TCCOUT++4 11

6
FIGURE 3-46 CCRTYL-CCTRMI PROGRAM FLOW CHART (Sheet 2 of 2)
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3.21 MEDIUM ABORT PROGRAM (CCMEAB)

The CCMEAB program performs additional tests and computations on the
raw or processed AN/FPS-16 radar data as itis received from the coordinate

conversion programs. This data is used to generate re-entry tables at pre-

determined time intervals. The flow chart for CCMEAB is shown in Figure
3-47.

3.21.1 Input Requirements

The following library routines are used by CCMEAB:

U3VMAG - Generate magnitude from vector

UIASCO - Arc Sine - Arc Cosine

UISQRT - Square root

Table TCMANR provides CCMEAB with the following data in floating point
format:

TCMANR T i (Time since lift-off)

+i X

+2 Y

+3 Z

+4 :{

+5 Y

+6

The following information located

serves as input to CCMEAB:

The

LCONS:

in communication cell MCNOCH also

MCNOCH - equal to zero means data is available to be processed.

- not equal to zero indicates data is not available at this time.

following input parameters are used l_y CCMEAB and are located in

- 1 _o : base factor by which a v cannot exceed a v-l"

- 2m ° : base factor by which a y cannot exceed a y -1 "
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-3K :

-4 :

-5 :

length of arc (At) over which to collect data before deter-
mining whether or not to generate a new re-entry table (K
is given in half seconds).

maximum value of v acceptable = 14,000 ft/sec, in Mer-

cury units.

maximum value of r acceptable = _ /3 radians.

- 6Al: factor by which I is increased when K time has expired and

Xo v-i "

- 7Am : factor by which m is increased when K time has passed

and ay_< may -1"

If entry is made to CCMEAB after a re-entry table has been generated, the

time of completion of the table is stored by Monitor in location TCMEAB + 7 to

be used as a base time upon which to determine the time span before another

table is needed. If data was such that a re-entry table was not generated by

NOCPNI at end of K seconds, then the base time is set internally.

3.21.2 Output Requirements

The output of CCMEAB is stored in table TMRARF. TMRARF- 1 through
TMRARF - 5 contains position and velocity components averaged over K seconds
and TMRARF - 6 contains averaged time. The format of the TMRARF table is
shown below.

TMRARF X

+1 Y

+2 Z

+3 X

+4

m

r

floating point

+6 T, fixed point (B 35) seconds GMT time

The second output of CCMEAB is contained in the following communication
cell:

MCWIDR = zero if no new re-entry table is to be generated

= zero indicates to Monitor suffix MFLRT2 to queue Numer-

ical Integration program (NOCPNI) to generate a new re-
entry table.
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3.21.3 Method

Computation of IV I = _/_2 +

J

]R] = --x/X2 +

_2 + _2

y2 + Z 2

y

-1
sin

[RI

Computation of standard deviation:

av =/:Z(IV]2)-(ZH IV])2H

(_, 2 ) _ YHay = H

Where H

+ YY+

Ivl

= the number of points accumulated over last K half seconds.

Computation of average vectors:

components

Number of components summed

3.21.4 Usage

The common and the internal table formats are shown below:

Common table Floating Point)

TCMEAB

+ 1

+ 2

+ 3

+ 4

+ 5

+ 6

+ 7

+ 8

T

X

Y

Z

i

base time

base time - K
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+ 9 IV

+ 10

+ 11
2

Iv

+ 12
2

y

+ 13

+ 14

[R

IR IVl

+ 15 a. v and intermediate values

+ 16 ay and intermediate values

+ 17 o V-1 (compiled as 0)

+ 18 a y -1 (compiled as 0)

n 19 1

+ 20 m

Internal Table (Floating Point)

LRVTS : Y X,
E X

H

1 "
E Y

E Y, H

E Z
E Z, H

4

5

6
E T

E T, H

7 :
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+

+

_y

(IV [2)

+ i0 :

Entry from -- MPLCCM

Exit to -- MFLRT2

Constants

K001.0 Dec

KCH233 OCT

Storage Required

Instructions - 136

Intermediate tables

Input table

Output table

Common

Communication cells

Timing

1.0

233000000000

19 locations

7 locations

7 locations

21 locations

2

First (K - 1) 1/2 seconds - minimum average number of 7090 computer

cycles - 14, maximum average, 996.

Kth 1/2 second - minimum average number of 7090 computer cycles -

64, maximum average - 1405.

Checkout

External system debugging: 50 data sentence cases (_, V, and t) includ-

ing several combinations of indicators to debug all branches.

Complete system debugging: tested in all ways; simulated, B simulator,

Ampex tape and live.

3-213



MC 105

( H:O)YESLCONS = 0?

NO

LDAAV _-_

(_ IS DATA )NO
AVAILABLE?
MCNOCH = 0 ?

YES t

J MOVE T, R, V FROM J
TCMANR TABLE TO

TCMEAB TABLE.

COMPUTE

IV I = _/_(2 + ,;,2+ ;;2

AND STORE IV 1 IN
TCMEAB + 9

l

IsIvt>14,ooo \

FT./SEC. IN _ YES
MERCURY UNITS? J

TCMEAB+9> I
LCONS+4? /¢

NO
COMPUTE

JR J = %/X 2 + y2 + Z2
AND STORE IN

TCMEAB + 13

f
COMPUTE

IRJ JvJ AND
STORE IN

TCMEAB + 14

TCMEAB + 14/: 8?

YES i

COMPUTE I
• _+W+zi I

Y:'_='" IRIIvl l
/_ND STORE IN TCMEABI

i

+ 10 (RADIANS) J
i

NO

II CLEAR LRVTS
TABLE LOCATIONS

OF ALL SUMS

t
S.OULDANEW\

RE-ENTRY TABLE \
AVE BEEN GENERATED I

ST TIME SUFFICIENT I
TIME HAD PASSED? /

MCWlDR =_ 0 /

YES 1

SET

I= I0

m= m0 IN

TCMEAB+ 19 AND
TCMEAB + 20

1
COMPUTE TIME TO
STOP COLLECT ING

DATA: BASE TIME+ K
AND STORE IN

TCMEAB + 8

FIGURE 3-47 CCMEAB PROGRAM FLOW CHART (Sheet1 of3)
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?
ISy > rr/3

RADIANS?
TCMEAB + 10>

LCONS + 5?

NOt
INCREASE H

COUNTER BY
1.0

LCONS

t

J SQUAREIVlANDSTOREIV 12
IN TCMEAB + 11

I SQUARE y J
AND STORE y2
IN TCMEAB + 12

t
ADDIvl TO_:Ivl iN

LRUTS + 7

ADDyto_y IN
LRUTS + 8

ADDIV]2 TO_(IVl2)
IN LRUTS + 9

ADD y2 TO _ 0,2) IN
LRUTS + 10

ADD R TO _ R,
TO ._, V, T TO _T IN

LRUTS THRU
LRUTS + 6

LTIME t

I2 HAVE K SECS.,

K HALF SECS., ELAP-
SED SINCE END OF

INTEGRATION?

MCHFSC__ TCMEAB + 8

YES t

ANY DATA / NO
COLLECTED?

H,_07
LSIGS YES t

COMPUTE A = -_

AND STORE IN TCMEAB+ 15

I

CLEAR MCWlDR
TO INDICATE IT IS

NOT TIME TO
GENERATE A NEW
RE.ENTRY TABLE

LEXIT

FIGURE 3-47 CCMEAB PROGRAM FLOW CHART (Sheet 2 of 3)
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1
SET I= I+A I

IN TCMEAB

+ 19, M=M+AM
IN TCMEAB + 20

STORE PRESENT

TIME, MCHFSC,
IN TCMEAB + 7

AS TIME OF
COMPLETION

OF INTEGRATION

COMPUTE TIME J

TO STOP COLLECT- I
ING DATA: BASE TIME I

+ K AND STORE J
IN TCMEAB+ 8 I

I
t

SET MCWIDR
= 0 TO INDICATE

NO NEW RE-ENTRY
TABLE SHOULD
BE GENERATED
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I IS THIS THE 1

FIRST GOOD o V YES
COMPUTED?

O'v. I = 0?

YEs 
COMPUTE

q_----
AND STORE IN
TCMEAB + 16

TCMEAB + 16 /
/

FIRST GOOD 0"7
COMPUTED?

o7.1 = 0?

NO

( (77.1 <__mDry.l?

YES I_

SAVE crv AS O'V. I

IN TCMEAB+ 17.

SAVE,_yAS%1
IN TCMEAB + 18

YES

YES

COMPUTE
_JX

Xav e =

Yave = "_

Zave= H

+ovo_-_-

iov. =-_-

T I_T
ave =_' IN

FIXED PT. SECS

B35

AND

STORE
IN

TMRARF
THRU

TMI_._R F

+6

SET MCWIDR _ 0 TO I

i

INDICATE A NEW J
RE-ENTRY TABLE SHOULD I

BE GENERATED _ /

FIGURE 3-47 CCMEAB PROGRAM FLOW CHART (Sheet 3 of 3)
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3.22 HIGH ABORT PROGRAM (CCABRT)

This program computes the quantities for display at the Mercury Control
Center when an abort occurs after tower separation (TOWS). The flow chart for

CCABRT is shown in Figure 3-48.

3.22.1 Input Requirements

The following programs and subroutines are used by the CCABRT program:

Mercury Programs

C9RVTH - Computation of elliptic orbit program

CHNOND - Computation of circular orbit program

A3MSCP - Compute latitude and longitude program

Library Routines

UISQRT - square root

UIASCO - arc sine/arc cosine

U3DOTP - "dot" product

UIATNA - arc tangent A

U3VMAG - generate magnitude from vector

UIATAB - arc tangent (A/B)

The following data serves as input to CCABRT:

a) MCLOCT containing address of integration table to be used (TNINTI

or TININT2).

b) MCHFSC containing GMT half second clock time

c) MCLFTM - GMT time of lift off in floating point seconds.

d) TCCOUT + 13 - GMTRC, Greenwich Mean Time to fire retrorockets
(minutes in address, seconds in decrement).

e) TNINT2 - Re-entry integration table, generated format specified by
NOCPNI.

f) TNINTI - Orbit integration table if MCLOCT contains address of
TNINTI. Generated and format specified by NOCPNI.
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+18 - GO, NO-GO (integer will always = 2}

+ 19 - H. Height of capsule above spherical earth (floating

point nautical miles)

i) TCCOUT +20 - Gamma. Flight path angle (floating point radians)

j) TCCOUT + 22 - V. Inertial speed (floating point feet per second).

k) TCCOUT +24 - D. Downrange distance (floating point nautical miles)

1) TCCOUT + 28 - H. Height of capsule above spherical earth (floating

point nautical miles)

3.22.3 Other Requirements

a) Both integration tables must be completed before entering CCABRT.

b) GMT clock time must be equal or greater to the first time in integra-

tion table specified.

3.22.4 Method

3.22.2 Output Requirements

The following data is generated by CCABRT andis contained in the TCCOUT
table.

a) TCCOUT + 5 - Geodetic latitude of present position {floating point
radians)

b) TCCOUT + 6 - Longitude of present position {floating point radians)

c) TCCOUT + 9 - GTRS Time remaining until retro fire (minutes in
address, seconds in decrement).

d) TCCOUT + 10 - GMTLC - GMT of landing computed {minutes in ad-
dress, seconds in decrement)

e) TCCOUT + 11 - Geodetic latitude of refined impact point {floating
point radians)

f) TCCOUT + 12 - Longitude of refined impact point (floating point
radians)

g) TCCOUT

h) TCCOUT

a) All equations in CCABRT are taken from either Strip Chart Processing
or the main launch program (CCMAIN}.
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b} CCABRT first finds

GMT. C9RVTH is then usedto extrapolate for

c) The following output quantities are computed:

Iv3f =V±32

I R31 =_/X32 +

h = [ R31 - R e

and _ in the integration table preceding the

fi3' _¢3 at GMT.

+ 2 + i3 2

Y32 + Z32

d is obtained using the strip chart formulations transforming R3

X3X3 + Y3 Y3 + Z3 Z3
y = ARCSIN

I R3[ I V31

d) ¢ andh are computed using A3MSCP
PP PP

e) The first time CCABRT is entered by Monitor CLP andh

computed using A3MSCP.

3.22.5 Usage

a) There is no calling sequence to the CCABRT program.

b) Space required

39210 locations, broken down as follows:

265 program instructions

74 erasable storage

5 non-erasable storage

c) Coding Information

Constants Used:

K00000 DEC

KM0001 DEC

0

-1

to R2"

are
LP
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K00001 DEC

K00002 DEC

K00003 DEC

K00004 DEC

K00006 DEC

K00060 DEC

K0001.0 DEC

K0002.0 DEC

K0060. DEC

KECR.T DEC

KFEEBD DEC

K00. SH DE C

KLAM DO BSS

K00. UT DEC

K.OMES DEC

K.ECC2 DEC

K. INB2 DE C

KC NVRG DEC

KKK2 P I DE C

KCH233 OCT

KMNMSK OCT

TCCONS table

Erasable storage locations

CSGMT

CSRT

1

2

3

4

6

60

i.

2.

00060.

00000.003

2.0E-7

.0012394486

16, X

806.8104

7.29211508E-5

6.6934215E-3

1.00673852

0.000017

6.283185307

233000000000

000777777777

CSTID

CSR01
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CSR02

CSROM

CSSOM

CSCOM

CSCLP

CSSLP

CSCBT

CSSBT

CSLLR

Timing required

Approximately 3004 cycles

+ C9RVTH

A3MSCP

CSRLP

CSRPP

CSRVI

CSROP

CSRR2

CSRT

CSRNV

CSRTI

The program was checked out in SOS, altering the data into the program,
including integration tables TNINTI and TNINT2, the time MCHFSC, and which
integration table to be used (MCLOCT).
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CSRTO

<SET GTRS = 0

I

CCABRT_

INITIALIZE A (CSRCL, CSREX, CCNOX + 1)

WITH A(INTEGRATION TABLE + 4)

CSRCL

p CONVERT TO FLOATING \

OINT SECS: GMT, INTEGRATION\

TABLE TIME INTERVAL, )

I. T. START TIME /

I. T. END TIME /

IS GMT BEYOND LAST TIMEIN RE-ENTRY TABLE?

_ No

GMTRC = SECS(CSTRC ¢ 0)

_ No

TO SECS.

SAVE IN CSTRC

I
_/G ECTRC= \

MTRC-MCLFTM_,
STORE IN /

TCCOUT + 15 /
\ __
CSSUB I_

GTRS = >

GMTRC - GMT

t
GTRS > 0? )

--£ NO
-I

I STORE GTRS IN JTCCOUT + 9

CSSEC _ ...

(EXTRAPOLATIONREQUIRED .J

YES

!_ COMPUTEA,

UST EXTRAPOLATE/)
STORE IN CSTID /

/

SET

INDICATOR FOR
EXTRAPOLATION

ERTBL

ACCUMULATOR

_o

FIGURE 3-48. CCABRT PROGRAM FLOW CHART (Sheet 1 of 3)
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CCNOX I

FroND_ANDV \
IN INTEGRATION TABLE)

STORE IN INPUT AREA /
FOR CCLAC ,/

:SNEX (_

SET INDICATOR
FOR NO

EXTRAPOLATION

I COMPUTE RELATIVE 1

ADDRESS OF R

WE WISH TO
OBTAIN _ IXRA

REQUIRED

CSREX _ YES

PRECEDING GMT IN
INTEGRATION TABLE

EXTRAPOLATE FOR

R3' _3 AT GMT

/

CCLAC t--

/1 " +C{2+_,)CONVERTTOFT/SEC /

) 'V3'=/X2 AND STORE IN TCCOUT

tR31= x_+YI+Z__CONVERT.TO.AUTICAL_MILES AND STORE IN

/ h = IR31-R e _TCCOUT+ 19, TCCOUT+28

TRANSFORM R3 TO _2 TO OBTAIN DOWN RANGE DIS-
TANCE (D).

4) CONVERT D TO NAUTICAL MILES AND STORE IN
TCCOUT + 24

5) "y=ARCSIN X3)(3 +Y3 _'3 +Z3 Z3

JR31Iv3t
STORE y IN TCCOUT + 20

FIGURE 3-48.

OCcIRCULAR ORBIT _YES

C(_LAA | ....

/ COMPUTE R3' V3 1
{ FOR CIRCULAR

\ ORBIT, USING
\ CHNOND

CCABRT PROGRAM FLOW CHART (Sheet 2 of 3)
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YES

SET NO-GO IN /
TCCOUT + 18

_pp, %.pp= F (R3' GMT)
(A3MSCP)

STORE (;bpp IN TCCOUT + 5
_p IN TCCOUT + 6

CSRLR

HAS THE LANDING POINT
BEEN COMPUTED?

NO

(_Lp,%.Lp= f(R, T OF LAST

ENTRY IN RE-ENTRY TABLE.)

STORE: (/)LP IN TCCOUT+ 11

%,L.P IN TCCOUT + 12

F RE-ENTRY TABLE._
STORE IN /

TCCOUT + 10 /

SET CSRLR

SWITCH FOR YES

NEXT PASS

CSEND _'_-_

ACCUMULATOR

=0

FIGURE 3-48. CCABRT PROGRAM FLOW CHART (Sheet 3 of 3)

SWITCH
1ST TIME HERE

= NO
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ORBIT AND

Section 4

RE-ENTRY PROCESSORS

When the decision to continue the mission following insertion is made by
either the Mercury or Bermuda Control Centers, the IBM 7090 computers pass
from launch into orbital phase computing. During this phase the Goddard com-
puters determine the flight's orbital characteristics from data received from
the tracking sites and the Mercury Control Center. In addition, input data from
the sites is processed and retransmitted back to them as capsule acquisition
data, and to the Mercury Control Center for plotboard presentation.

The re-entry phase begins just prior to the time of capsule retrorocket
fire and continues until impact. During this time the Goddard computers accept

input data from the tracking sites andfromthe Mercury Control Center, process
it, determine the time to fire retrorockets, and retransmit this calculated time
to all tracking sites. Refined impact points are also computed and sent with

retrofiring times. The general flow diagram for the orbit and re-entry phases
is shown in Figure 4-1.

The Goddard 7090's are called upon to perform many orbital and re-entry
flight computations in addition to those mentioned above. This section contains

all the processor programs used by the Goddard computers during orbit and
re-entry.

4.1 EDIT PROGRAM (EOLED1)

During orbit a network of tracking sites located around the world monitors

the capsule's position and the status and performance of its human occupant.
Summaries of this data are sent by teletype to Goddard. The data is processed
by the input program (IOTTIN) and only the positional data is retained in memory
until such time as Monitor instructs the EOLEDlprogram to edit the information.

The EOLEDI Program:

a) Deletes radar messages having erroneous times and slant ranges.

b} Finds the time of closest approach {tea ) to each site.

c} Replaces erroneous azimuth and elevation angles by the fixed point
interger +1.

The flow chart for the EOLED1 Program is shown in Figure 4-2.
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FIGURE4-1. ORBIT AND RE-ENTRY PHASE GENERAL BLOCK DIAGRAM
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4.1.1 Input Requirements

EOLED1 receives its input from:

a) Location MCLED1, whose address field contains the internal station
number, j.

b} Table TMSTCH - The address field of location TMSTCH +j contains
the first location of the station characteristics block of the j -th station
minus 1.

c) A 19-location table, TMLSDB. The address field of location, TMLSDB

+j - 1 contains the first location of the data block of station j, TMRMES
+ 203 (j - 1), to be edited.

The data block is arranged in the following format:

TMRMES +203 (j-l)

+ 1

+ 2

+ 3

+ 4

+ 5

+ 6

+ 7

+ 8

+ 9

+i0

• • • • , • •

4.1.2 Output Requirements

Station number,, pass number (both
supplied by Monitor).

Number of radar messages in this
block, N (_>0).

BIank.

Time t1, fixed point (min,, see).

Range R I, floating point, Mercury
unit.

Azimuth At, floatingpoint,radians.

Elevation E l,floatingpoint,radians.

t2 second radar message.

R 2 second radar message.

A 2 second radar message.

E 2 second radar message.

etc.,up to 50 messages.

The output of the EOLED1 program is the same as the input data block and

containing the edited messages in the following format:
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TMRMES + 203 (j- 1) Station number,, pass number.

+1 Number of radar messages retained
after editing, _ (<_N).

+ 2 Location, relative to TMRMES + 203

(j - 1), oft
ca

+3 tl, fixed point (min, ,sec).

+4 R 1, floating point, Mercury unit.

+5 A1, floating point, radians, or fixed

point + 1.

+6 El, floating point, radians, or fixed

point + i.

etc.

An entire message is deleted if the
given time and/or range is er-
roneous.

4.1.3 Method

Time Sequence Check (Figure 4-2, Sheets 4-7): Divide the time data into

sequences of consecutive time data, each sequence satisfying the following con-
ditions.

C-l--The sequence is increasing monotonely.

C-2--The increment between any two elements of the sequence is a

nonzero multiple of six seconds.

C-3--The span of the sequence (increment between the firstand the last

elements) does not exceed seven minutes.

The longest of these sequences is accepted as valid time data.

Each of those elements not in the accepted sequence is then examined. If

the accepted sequence is extended to include this element and the extended
sequence still meets the conditions C-1, 2, and 3 (above), the element is ac-
cepted as valid. Otherwise, the radar message containing it is deleted•
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If the total number of radar messages accepted by this test is less than
nine, all range, azimuth and elevation {RAE} data is acceptedwithout further
tests and tca is taken to be the time associatedwith minimum R. Otherwise,
the RAE data is subjected to the smoothnesscheck described below.

Smoothness Check--Range Data: By applying the curve fitting method {see

below) to points (t i, Ri), find and delete those radar messages having range

values not within 2.5a of the curve{s) fitted, thus resulting in N radar messages.

Time of Closest Approach: The time of closest approach, tca, is the time

of observation associated with the smallest value of the curve{s} fitted to

ranges. Denote by N1 the number of points up to and including the point at

tca, and by N2 the number of remaining points {N2 = N- N1L

Smoothness Check--Elevation Data: Using the same curve fitting method to

(t i, El) (i = 1, 2, .... N1), and to (ti, El) (i = N1 + 1 ..... N), separately, find

and tag those radar messages having elevation values not within the bound of
tolerance.

Smoothness Check--Azimuth Data {Figure 4-2, sheets 8 and 9)- The points

{ti Ai) are fitted and tagged in the same manner. However, if the sequence of

azimuth values increases through 2_ to values less than r, {when the capsule
passes north of the station), then 2 _ is added to each of these latter values for

curve fitting purposes and is substracted when the fitting is completed. If, in

any radar message, either A or E is tagged, replace both by a fixed point integer
+1.

General Curve Fitting Procedure {Subroutine EOLSF) {Figure 4-2, sheets
4-7}: Erroneous RAE observations are determined by applying the following

curve fitting procedure to the n points (X i, Yi }, where X. denotes the entries of1

the sequence of valid time data (ti), Y'I denotes the entries of the corresponding

sequence of slant range (Ri}, azimuth (Ai) or elevation (El)observations, and

n-- %or

a) Using the method of least squares, a fourth-order curve is first fitted

to the n points (Xi, Yi). The points lying on this curve, Z i, the squares

the residuals, di 2, and the variance, a 2 are computed.of

b) The quantitiesp =[31 and q=n-3p are next computed. If p< 6, i.e.,

n < 18, those values of Yi for which d'21 > {Aa )2 are tagged by a minus sign, and
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no additional curves

i.e., n > 18, the sums

are fitted to these points.

3 (k+ i)

Sk= _-_ d2 k=l, 2,i '
3(k-l)+l

= _ di 2 are computed and the maximum determined. The group of
3(p-2)* 1

six consecutive points producing the largest sum determines a sub-

division of the n points of the sequence into two subsequences of n I

and n 2 points, respectively, having V consecutive points in common

(6-<v -<9).

c) A fourth order least squares curve is next fitted to the n 1 points of
2 2

the first subsequence, and the values Zli, dli and a i are computed.

If a 2 < a 2 dli 21 , the values Zli and replace the corresponding values

of Zi and d 2 2 > are retained andi " If al - a2' the values of Z i and d'21

2
a 1 is set equal toa 2. The method of b) is then applied to this sub-

sequence. If Pl -> 6, a final subdivision of the n 1 points into two over-

lapping subsequences of nll and n12 points, respectively, is made.

Each of these subsequences is then fitted with a fourth order least

square curve; as above, the values of Y. in each span are tagged1

accepted value of the squared residual exceeds (), am)2,whenever the

where, in each case, a is the smaller of a 1 and the newly computedm

variance. If Pl < 6, the points Yi' i = 1, 2... nl, are tagged using the

value (_ al)2 as a threshold without further fitting.

d) The determination and tagging of error points among the n 2 points of

the second major subsequence is accomplished in an entirely analogous
manner. Fourth-order least squares curves are fitted to the sequence

of points (X i, Yi) (i=n 1- v+ 1 ..... n) and, if p2 >- 6, to then21 and

n22 points of the determined subsequences. Tagging of erroneous Y.1

entries is again based on the residuals and the variance of the curve
displaying the best fit in each span.

e) After the maximum number of curves has been fitted according to the

procedure outlined above, the final tagging of Yi (i = 1, 2 .... n) is
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determined. The tag of any value of Yi which has beenfitted by only
one curve is the tag determined by that curve. However, anyvalue of
Y. which has beenfitted by more than one curve is tagged if and only

1

if it has been tagged in each of these fittings.

f) The value currently assigned to the parameter X in each of the above

tagging processes is 2.5.

Fourth-Order Least Squares Fit (Subroutine LSP4E):

a) The coefficients cj {j = 0, 1, 2, 3, 4) of the fourth-order least squares

4

polynomial, y = _ c. xj, best fitting the sequence of k points {X i,
j--o J

Yi) (i = 1, 2, . . k) are determined by solving the following system

of simultaneous equations:

c0all + Clal2 + c2a13+ c3a14 + c4a15=b11

c 0a21+ c la22 +c 2a23+ c3a24 +c 4a25=b21

c 0a31 + c la32+ c 2a33+ c 3a34+ c 4a35=b31

c 0a41 + c la42+ c 2a43+ c 3a44+ c 4a45=b41

c 0a51+ c la52 +c 2a53+ c 3a54+ c 4a55=b51

k r + c-2 k r- 1);r,c= 1,2,3,4,5.
where arc= _ X. andbrl= _ (YiX"

i= 1 i i=1 1

b} To improve the accuracy of this solution, the X and Y coordinates are
transformed as follows-

X. 11 = (Xi-Xt) / 6, where Xt is that value of X.1, i = 1, 2, . . . k, mak-

ing IX i - (X 1+ Xk) / 21a minimum. Y.11 = Y'I - Yt' where Yt is the

mean of the Yi' i= 1, 2 .... k.

c) The system of a) above, is solved by applying Cramer's Rule. Each
of the determinants, _V..I, in this solution is evaluated by reducing it

to the following form: I _31
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]Vijl

(4) (4) (3) (2) (1)

Vll Vl 2 v13 v14 v15

(3) (3) (2) (1)

0 v22 v23 v24 v25

(2) (2) (1)

= 0 0 v33 v34 v35 =

(i) (i)

0 0 0 v44 v45

0 0 0 0 v55

(4) (3) (2) (1)

Vll v22 v33 v44 v55

where:

(i)

vi5= vi5/v55 (i = 1,2,3,4)

(i)

v.. =v. - / (i= 1,2,3,4,5;j = 1,2,3,4)iJ lj (vi5 v55) v5j

(2) (i) (i)

= vi4/v44 (i= 1,2,3)vi4

(2) (i) (i) (i) (i)

vij =vij - (vi4/v44) v4j (i = 1,2,3,4; j = 1,2,3)

(3) (2) (2)

vi3= vi3/v33 (i = 1,2)

(3) (2) (2) (2) (2)
V.. =V. -

Ij ij (vi3 / v33) v3j (i = 1, 2, 3; j = i, 2)
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(4) (3) (3)

v12 = v12/v22

(4) (3) (3) (3) (3)

Vil =vi1-(vi2/v22) v21 (i =1,2)

d) Finally, the points lying on the curve

zi _ zil +Yt_j_0_:cj xiI + Yt'

the squares of the residuals

di2 = (Yi - Zi)2'

and

a2 = [i/(k-5)]

i = 1,2 .... k,

k

di2
i=1

i=1,2 .... k,

are computed.

4.1.4 Us age

a) Space Required:

Instructions - 1244

Erasable - 703

Constants - 21

Total 1968 locations

b) Time Required: The computer running time required by EOLEDI is

a function of the quantity and quality of the input.

4.1.5 Checkout

The EOLEDI program has been operating in the Mercury Program System
since December, 1960.
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FIGURE 4-2. EOLED1 PROGRAM FLOW CHART (Sheet 1 of 9)
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4-18



MC 105

4.2 NUMERICAL INTEGRATION CONTROL PROGRAM (NOCPNI)

The purpose of the NOCPNI program is to integrate the three Newtonian
equations of motion to obtain an orbit prediction table containing Y and V vectors
for specified times. The vector equation of motion is

- 0v
r = - -- + Drag

.-)

8r

where the potential (V) is approximated by:

1 1 3 _ -i + ...

V = --_- 3r2 2

Thus:

aV av

ax

av

oY

8v

8z

-- X_T I C2 I 2_ (z)
2r 2

[ c ((rZ2)Y 1 --- 5
r 3 2r 2

[ ( /rZ--21Z 1 5

3 2r 2r

)]

The numerical integration technique employed in the Mercury Program
System is the Cowell Method. The basic formulas used are taken from Dr.

Herget's book, Computation of Orbits, Chapter 1, "The Calculus of Finite Dif-
ferences." The following two essential equations are derived and appear on
page 8 of Dr. Herget's book:

(hD)-2 = A-2+ 1 1 A2 + 31 A4 289 A6 + (4-i)
12 240 60480 3628800

(hD)-i = A-1 1 A + 11 A3 191 A512 72---0 60480 + ... (4-2)

These two operators are applied to the function F = h r (h is the integration
time interval) to obtain the following expressions for the position and velocity
vectors:
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(hD) -2 F = h -2 D-2 h 2 :;r = r--

(hD) -I F = h -I D -I h 2 :;r-_hV

Thus • and hV can be computed by evaluating the corresponding finite differences.

In the form of the Cowell Method which is employed in the Mercury Program

System it is more convenient to express each of the difference (A ] ), appearing

in the right-hand sides of Equations (4-1) and (4-2), as linear combination of F.
1

(both are shown in the N2EXCR writeup). The resulting extrapolation and cor-
rection formulas appear in the N2EXCR writeup.

NOCPNI serves as the basic control program for the programmed numerical
integration system. NISUFT develops the initial converged second derivative
function table, using N2EXCR to extrapolate and correct each new function entry
in the table. The N3SDCL, N4DRAG, and N6OPEP subroutines are used to calcu-

late the second derivative; N5OTBL develops the resulting prediction output
table, which contains the converged _ and V vectors. The flow chart for NOCPNI
is shown in Figure 4-3.

4.2.1 Input Requirements

The NOCPNI program uses sevenprogram, i.e., NISUFT, N2EXCR, N3SDCL,
N4DRAG, N5OTBL, N6OPEP and N7VARS, and three library subroutines:
UIEXPE, UISQRT and UIATAB. The writeups for these programs are pre-

sented in Subsections 4.3 through 4.6.

The following parameters are the input requirements to NOCPNI:

K000.X -- the X coordinate in floating point

K000.Y -- the Y coordinate in floating point

K000. Z -- the Z coordinate in floating point

K00.VX -- the velocity along the X axis, in floating point

K00.VY -- the velocity along the Y axis, in floating point

K00.VZ -- the velocity along the Z axis, in floating point

K000TA -- the anchor time associated with the above • and V values, ex-

pressed in fixed point in minutes or seconds, depending on K0000H.

This time is measured from midnight preceding launch.

K000TL -- contains address, in fixed point, of start of TNINTI, if in-
tegration table is desired, or address of start of TNINT2, if the re-
entry table is desired.
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K0000H -- the time step, in fixed point, at which orbit points are to be
calculated.

K000TU -- if a one, K0000H represents seconds; if a zero, K0000H

represents minutes (both in fixed point).

K00DTB -- length of time to integrate backward; expressed in fixed

point minutes or seconds, depending on K0000H.

K00DTF -- length of time to integrate forward; expressed in fixed point
minutes or seconds, depending on K0000H.

KDORND -- If zero, the N4DRAG program is used; if not zero, the

N4DRAG program is not used (in fixed point).

KRORRV -- If zero, r values only in output table; if one, r & v values in

output table {in fixed point}.

KINTVN -- + n, number of integration steps, in fixed point, per output
{where n can be any positive integer except zero}.

NOTE: The above "K" locations are set synonomous to a 15-word input
table TMBBNI in the order in which they are listed.

MCZRWX -- Monitor control word whose decrement indicates the type

of table being generated.

decrement = 0, orbit table

decrement _ 0, re-entry table

4.2.2 Output Requirements

The final output is in table form, in the following format:

a) If zero, the output table represents a minutes integration; if one, the
output table represents a seconds integration {both in fixed point}.

b) The number of minutes or seconds interval at which entries are made
in the table (in fixed point}. This quantity is equal to K0000H times
KINTVN.

c) The time associated with the first set of entries in the table, the start-

ing time {in fixed point}.

d} The time associated with the last set of entries in the table, the ending

time (in fixed point).
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e) x

f) Y

g) z

h) VX

i) vY

j) vz

k) X

I) Y

Etc.

and V parameters stored at the interval defined

by a and b (above), from the startingtime to the ending time

(in floating point).

NOCPNI has two intermediate output tables, TNFUNK and TEMNO, which
are described under "Erasable Locations."

4.2.3 Other Requirements

The contents of K00DTB and the contents of K00DTF must be exactly
divisible by the contents of K0000H and also by the contents of location b (above);

otherwise, the output table is set up wrong.

4.2.4 Method

The equations used in this program are taken from The Computation of
Orbits by Dr. P. Herget, and appear in the program descriptions of the various
subroutines. The output table for NOCPNI is accurate to seven significant digits.

4.2.5 Usage

a) Calling Sequence -- NOCPNI is entered with TRA NOCPNI; the pro-

gram exits with the accumulator set to zero and TRA MFCPNI. Error

exitisby a TSX MSUERR, 4.

b) Space Required -- 2630 locations,plus 740 locations for subroutines

(notincluding library routines).

c) Special Usage -- When the height for which the drag coefficientis

being calculated in N4DRAG fallsbelow 60,000 feet,the accumulator

is set to a minus zero and the program exits with a TRA MFCPNI.

d) Constants (excludes constants used in N4DRAG):
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K00001

K00010

K000NB

K00039

K00000

K00003

K00002

K00006

K00021

K000JB

KCH233

K001.0

K002.0

K003.0

K005.0

K00. MH

K00. SH

K00. C2

Dec 1

Dec 10

Dec 30--Number of iterations to try for convergence of F.
in N2EXCR 1

Dec 39

Dec 0

Dec 3

Dec 2

Dec 6

Dec 21

Dec 30--Number of iterations to try for convergence of "_F.
in NISUFT I

Oct 233000000000

Dec 1.0

Dec 2.0

Dec 3.0

Dec 5.0

Dec .074366916 - minutes to Mercury units conversion factor

DEC .0012394486-seconds to Mercury units conver-
gence factor

DEC .00324696

K0.CTB DEC IE-15

K0. CTC DEC 1E-4

K.TCTB DEC 1E-15

4-23



MC 105

e} Tables

TNSAVR BSS 6, F converged r, v for last time steps

W(i - 1}

TN7N12 PZE Indicator for N7VARS set 0 from
N1SUFT - 1 from N2EXCR.

TNTICT PZE Number of times interval had to be
reduced a one entrance to N2EXCR.

TNETIM PZE Time of last r, v in output table (fixed
point min or sec as K000TU).

TN7HSI PZE If time step is less than unity, time
step is here in floating point units.

TNIFPT PZE If time step is less than unity, present
time for r, v is stored here in floating
point units.

f) Erasable Locations -- TEMNO through TEMNO + 99, and TEMN3
through TEMN3 + 9. TNFUNK intermediate storage. The TNFUNK
and TEMNO table formats are shown on the following pages.

g} Time Required:

335+ B + [118+ H(166+C} ] * + [137+G(166+ C)]

where

** cycles

B = timing for N1SUFT

C = timing for N2EXCR

K00DTF
G-

K0000H

K00DTB
H

K0000H

4.2.6 Checkout

The NOCPNI program was checked out by comparing its output with that of
IJKNI.

* Drop this term if no forward integration.
**Drop this term if no backward integration.
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TABLE 4.1 TNFUNK TABLE FORMAT

Location Contents

X

TNFUNK + 0 Fi/h2

+1 Fi_+l

+2 Fi_+2

+3 Fi+_3

+4 Fi_+4

+5 Fi+_5

+6 Fi_+6

+7 "'Fi +1

+ 8 "Fi + 3/2

+ 9 "F i +_1/2

+ 10 "'Fi

+ 11 Xi

+ 12 Vxi

Y

+ 13 F i/h 2

+ 14 Fi -+1

+ 15 Fi -+2

+ 16 F i + 3

+ 17 Fi +-4

+ 18 F i -5

+ 19 Fi + 6

+ 20 "'Fi -+ 1

+ 21 "F i _+3/2

+ 22 "F i +_1/2
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TABLE 4.1 TNFUNK TABLE FORMAT (Cont'd)

Location Contents

+ 23 "'Fi

+ 24 X i

+ 25 Vxi

Z
I

+ 26 F i/h 2

+27 Fi ± 1

+28 F i _+2

+29 F i ±3

+30 Fi +_4

+31 Fi +_5

+32 Fi -+6

+ 33 "'Fi + 1

+ 34 "F i + 3/2

+ 35 "Fi -+ 1/2

+ 36 "'Fi

+ 37 X i

+ 38 Vxi
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TABLE 4.2 TE/_IO TABLE FORMAT

location Contents

T E/_IO + 0

+I

+2

+3

+4

+5

+6

+7

+8

+9

+10

+11

+ 12

+ 13

+ 14

+ 15

+ 16

+ 17

+ 18

+19

+ 20

+ 21

+ 22

+ 23

I. R. 4 N2EXCR

"Fi + 1/2 (X, Y, Z)

"Fi (X,Y, Z)

_A KF i±K or _B K F i±K

_" A:K Fi ± K or

Work ceII

Y Fi from N3SDCL

Z

N

B"K Fi+ K

Contents I. R. 1
N2EXCR

Contents I. R. 2

FaFa+ 1

Fa+2

Fa+3 >

Fa+4 _
Fa+5

Fa+6

Fa

Fa+ 1

Fa+2

Fa+3

Fa+4

X
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TABLE 4.2 TEMNO TABLE FORMAT (Cont'd)

Location Contents

TEMNO + 24

+ 25

+ 26

+ 27

+ 28

+ 29

+ 30

+31

+ 32

+ 33

+34

+ 35

+ 36

+ 37

+ 38

+ 39

+ 40

+41

+ 42

+ 43

+44

+ 45

+ 46

Fa+ 5

Fo+6

Fa

Fa+ 1

Fa+2

Fa+3

Fa+4

Fo+5

Fa+6

Fo

Fa+ 1

Fa+2

Fo+3

Fa+4

Fa+ 5

Fa+6

Fa

Fa+ 1

Fa+2

Fa+3

Fa+4

Fa+5

Fa+6

m

m

m

m

y

• Z

> X

Y
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TABLE 4.2 TEMNO TABLE FORMAT (Cont'd)

Location Contents

TEMNO + 47

+ 48

+ 49

+50

+51

+ 52

+ 53

+ 54

+55

+ 56

+ 57

+ 58

+ 59

+ 60

+61

+ 62

+ 63

+ 64

+ 65

F a

Fa+ 1

Fa+2

Fa+3

Fa+4

Fa+5

Fa+ 6

J

1
> Z

"'F a (X)

"Fa - 1/2 ( X )

T i

F 1+ F_ lthenG I(F I+F_ 1)or

F 1- F_ lthenH I(F l-F_ 1)

F2+ F_2thenG 2(F 2+F_2)or

F 2- F_2 thenH 2(F 2-F_2 )

F 3+F_3then'_K= 13 GK(FK +F-K)°r

F 3-F_3then_K= 13 HK(FK-F-K)

Integration direction indicator

0 = integrate forward

1 -- integrate backward

"'F a (Y)

"Fa - 1/2 (Y)

"'FJ 6 (X)

--FJ 6 1 (X)
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TABLE 4.2 TEMNO TABLE FORMAT (Cont'd)

Location Contents

TEMNO + 66

+ 67

+ 68

+ 69

+ 70

+71

+ 72

+ 73

+74

+75

+76

+77

+ 78

+ 79

+ 80

+81

+ 82

+ 83

+ 84

+ 85

+ 86

+87

Rx a

Vx a

"'F a (Z)

"Fa- 1/2 (Z)

.. J
F G (Y)

--J-1
F G

Rya

Vy a

I.R. 1

I.R. 2

I.R. 4

.. J
FG (Z)

(Y)

I,

Rz a

Vz a

No Storable

Index

Index

Index

Index

Index

Index

Register 1 i
Register 2 -

Register 4 .

Register 1 i
Register 2

Register 3

EXCR

NOCPNI

N3SDCL storage
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_NOCPNI + 3

CONVERT THE n INPUT

(TIME-STEP) TO FLOATING
POINT MERCURIAN VALUES.

i PUTTU

I CALCULATE THE STARTING

TENDING TIMES OF OUTPUT
TABLE AND ENTER THESE

VALUES IN THE
OUTPUT TABLE

t PUTE

I PUT THE INITIAL R+ V VAL-
UES IN OUTPUT TABLE (SEE
INPUT SECTION, PAR. ¢6.1)

©
- T DOWN

I

T i = Ti. n (n IS J

TIME-STEPPING INTERVAL J
DEFINED IN INPUT SECTION I

PARAGRAPH 4.6.1) J

t DOWN+ 3

_ALCULATE THE F, R,V_

/ VALUES AT Ti USING\
'_ N2EXCR (SEE THAT /

\ WRITE-UP FOR DEFINI- /
\ TIONS OF F I R t V) /

t DOWN+ 5

RPLACE THE CALCULATED\
+V VALUES IN THE OUTPUT/

TABLE USING N5OTBL. /
SET UP FUNCTION TABLE\N1SUFT / t DOWN+ 7

I TEGRATE BACKWARD.: 0 _ = ;i DOFOR . _'-
(SEE INPUT SECTION,/

PARAGRAPH 4.6.1) jr fA_OUNT OF TIME TO L(
t _ ( TEGRATE FORWARD : 0 _ /=

(SEE INPUT SECTION ,/ I
Tb= Ta-A Tb (T a IS _ PARAGRAPH 4.6.1) J I

ANCHOR TIME DESCRIBED

IN INPUT SECTION,
PARAGRAPH 4.6.1)

(_T b IS AMOUNT OF TIME TO

INTEGRATE BACKWARD.)

I SET DIRECTION INDICATOR ITO BACKWARD.

PUTE + 2

T i = To (T a IS ANCHOR

TIME DEFINED IN

INPUT SECTION,

PARAGRAPH 4.6.1}

t

Tf = Ta + Tf (_Tf IS

AMOUNT OF TIME TO
INTEGRATE FORWARD)

r

I SET DIRECTION INDICATORTO FORWARD

_ DOFOR + 2

I

T i = T o J
I

_i KAPUT

KAPUT+ 3

CALCULATE THE F,R,V /
VALUES AT T i USING

N2EXCR

t KAPUT + 5

PLACE THE CALCULATED_

R+ V VALUES IN THE )
OUTPUT TABLE USING /

N5OTBL. /

KAPUT + 7

: Tf )
T i

FIGURE 4-3 NOCPNI PROGRAM FLOW CHART
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4.3 SET UP FUNCTION TABLE PROGRAM(NISUFT)

This program establishes a second derivative table which is used to initiate
the numerical integration function. The flow chart for NISUFT is shown in
Figure 4-4.

4.3.1 Input Requirements

Other programs used with the NISUFT program are N2EXCR, N3SDCL,
and NTVARS. The following parameters are input requirements for the NISUFT

program:

K000.X-- described in NOCPNI

K000.Y -- described in NOCPNI

K000. Z -- described in NOCPNI

K00.VX -- described in NOCPNI

K00.VY -- described in NOCPNI

K00.VZ -- described in NOCPNI

K00TA -- described in NOCPNI

K0000H -- described in NOCPNI

K000.H -- contains the floating point equivalent of the contents of K0000H

K00.2H -- contains the contents of K000.H squared.

4.3.2 Output Requirements

The output of NISUFT is the TNFUNK table (described at the end of the
NOCPNI program write-up).

4, 3.3 Method

The equations used in this program, taken from The Computation of Orbits
by Dr. P. Herget, are:

3

= + G F + _-]_ Gk (Fk+ F_k )a) "'Fa Ra a a k= 1

3

"Fa_l/2 +H F + _ Hk (F k F_k )b) = (h) V a a a k =1 -
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c) "'Fa_1 = F - "Fa a- 1/2

The output table (TNFUNK) is not assumed to be correct until successive
calculations of the "'F6 value differ by less than IE - 15. The table is accurate
to seven significant digits.

4.3.4 Usage

a} Calling Sequence.

a TSX

a+l

a+2

NISUFT, 4

Error return

Normal return

b) Space Required -- 261 locations

c) Constants used:

K00039 DEC 39

K00021 DEC 21

K00000 DEC 0

K00001 DEC 1

K00.GO DEC

K00. G1 DEC

K00.G2 DEC

K00.G3 DEC

-.0963348773

.0074115416

.00099014103

.0000796407

G (see 4.3.3,a)
a

G r k = 1,3 (see 4.3.3,a)

K00. H0 DEC

K00. H1 DEC

K00.H2 DEC

K00. H3 DEC

K. TCTB DEC

-.5 H (see 4.3.3,b)a

.0648396164 !
-.0139550265

.0015790344 !

IE-15 -- convergence criterion for "'F6J

(see Figure 4-4, block SQRE)

Hk, k = 1,3 (see 4.3.3,b)

: ,-F6(J-i)

4-34



MC 105

K000JB PZE 30 -- number of tries to make for convergence
before decreasing interval

TEMNO through TEMNO + 99,

1709 + D + N(1954 + D) ] cycles

d) Erasable locations --

through TEMN3 + 9.

e) Time Required:

1627 + D + J (1609 + 12

where

and TEMN3

D = timing for N4DRAG

J -- number of convergence tries in NISUFT (2)

N = number of convergence tries in N2EXCR (1)

4.3.5 Checkout

The NISUFT program was checked out by comparing its output with that of
IJKNI.

Sample Section Of a Difference Table Used in NISUFT

Second First First Second Third

Argument Sum Sum Function Difference Difference Difference

pp

Ta_ h "Fa_ 1 Fa_ I A a-I

"Fa_ 1 ..../2 Aa-1/2 A a-1/2

T ":F F A'"a a a a

"Fa+l/2 ....Aa+l/2 A a+1/2

A ppTa+h "'Fa+ i Fa+ 1 a+ 1

"Fa +3 A" ",/2 a+3/2 A a+3/2

T "'F F
a a+ 2 a+ 2
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((( CALCULATE\
Fa IN TABLE\

SING N3SDCL. \
VALUES-DE- /)

\ FINED IN TABLE /
\ IN PARA- /

\GRAPH 4,3,4 /

BETA

SET Fa- L, Fa-L

EQUAL TO CALCU-
LATED VALUE OF

Fa (WHERE
L-1,2,3,4,5,6)

INITL-6

J:]
• J

F6= 0

INITL T_

SET h = 0 TO
COUNT SiX TIME

STEPS OF FORWARD
INTEGRATION

(USE XR4)

GETR

CALCULATE "Fa,

'Fa.]/2 USING
EQUATIONS

(a) AND (b)

()

BILDF--_

R, V VALUES AT_

T i USING /

N2EXCR /

h=h+l _

AGAIN 2 t-

"F + F6

NEW

"F 6 --_-F J

NIFT+ 2 _
!

SET= h = O TO J
COUNT SIX STEPS 01BACKWARD

INTEGRATI ON

J CALCULATE "Fa. 1 JUSING EQUATION (c)

I_
B1LDB _

/CALCULATE THE _

/F, R, V, VALUES AT

\ T,US,NG/
\ /

h=h+l

SQRE

6 "F J6-1)2:

IE- 15

FIN

CALCULATE "Fa,

'Fa.1/2 USING

EQUATIONS (A)
AND (b)

>

J:6

J= J+ 1

VAR

REDUCE TIME /

STEP INTERVAL

N7VARS

+
RESET INITIAL

INPUT AT To TO
N35DCL

FIGURE 4-4 NISUFT PROGRAM FLOW CHART
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4.4 EXTRAPOLATION AND CORRECTION EQUATION DERIVATION PROGRAM

(N2EXCR)

The N2EXCR program calculates F i, R. and V. for a given time T.. The1 1 i

flow chart for N2EXCR is shown in Figure 4-5.

4.4.1 Input Requirements

The input to the N2EXCR program comes from the following locations:

a) The TNFUNK table (described in the NOCPNI program write-up).

b) K000.H -- contains the floating point equivalent of the contents of
K0000H.

c) K00.2H -- contains the contents K000.H squared.

d) TEMNO + 51. If zero, integration is carried forward; if one, integra-

tion is carried backward (fixed point).

N2EXCR uses the following programs: N3SDCL and N7VARS.

4.4.2 Output Requirements

The updated TNFUNK table is the output of N2EXCR.

4.4.3 Method

The equations used in this program are taken from The Computation of

Orbits by Dr. P. Herget.

a) "Fi_ 1/2 = "Fi - 3/2 + Fi - 1 (for forward integration)

b) "Fi + 1/2 = "F.I+ 3/2 - Fi + 1 (for backward integration)

c) "" F i = "'F.I - i + "F.I - 1/2 (for forward integration)

d) "'F i = F i + 1 - "F.I + 1/2 (for backward integration)

6

e) R. ="F.+ _ AkFi_ k
I l k= I

6

f) (h) (Vi)= "Fi_i/2+k_ =i
A'k Fi - k

(forward extrapolation for

R.+
I Vi)
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g) R i ="F i+ _ A.F.1 l+k
k=l

6

h) (h) (Vi)='F i+ 1/2 -k__l

i) R i ='Fi+ _ BkFi_ k
k=0

j) (h)(Vi)= "Fi_i/2 +
k=0

6

k) R i = "F i+ _ B kF.+ k
k=0 1

6

A"k Fi+ k

I) (h) (Vi) ='F i+ 1/2- _0 Bk Fi +k

(backward extrapolation

for R i + Vi)

forward correction for

R.+V.
I 1

backward correction for
R.+V.

1 1

The F table values calculated are not assumedto be correct until successive

calculation of the F. value differ by less than IE-15. The table is accurate to
1

seven significant digits.

4.4.4 Usage

a) Calling Sequence:

a TSX

a+ 1

N2EXCR, 4

Error Return

a + 2 Normal return

b) Space Required -- 234 locations.

c) Constants:

K00001 DEC 1

K00039 DEC 39

K00003 DEC 3
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K000NB

K00.A1

K00.A2

K00.A3

K00.A4

K00.A5

K00.A6

K0.A1P

K0.A2P

K0.A3P

K0.A4P

K0.A5P

K0.A6P

K00.B0

K00.B1
K00.B2

K00.B3

K00.B4

K00.B5

K00.B6

K00.BOP

K0.B1P

K0.B2P

K0.B3P

K0.B4P

K0.B5P

K0.B6P

PZE

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

30 -- Maximum number of iterations to try for
convergence of F.i

.46038333 i
-1.09306667 Ak, k = 1,6

1.41426667

-1.0424 !

.41235 Ak, k = 1,6

-.0682

2.28673082

-5.1099041

6.55591931

-4.82397487

1.90782077

-.31559193

.065495756

.067409063

-.110635752

.104370596

-.05999091

.019393189

-.002708609

.30422454

.46038360

-.54653605

.47142857

-.26060681

.08247355

-.01136740

i _k' k = i, 6

Bk, k = 0, 6

B'k, k = 0, 6
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d) Erasable Locations -- TEMNO through TEMNO + 99,

through TEMN3 + 9.

K000TU (see 4.2.1)

and TEMN3

K00CTB DEC 1E-15 Convergence criterion for F i when

generating a minutes output table.

K00CTC DEC IE - 15

4.4.5

The
of IJKNI.

TN7ICT (see 4.11.1,i)

e) Time Required:

1709 + D + N (1954 + D) cycles

where:

Convergence criterion for F i when

generating a seconds re-entry table.

D is timing for N4DRAG

N is number of tries to converge (1) in N2EXCR

Checkout

N2EXCR program was checked out by comparing its output with that
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MUL T

I h=l

GETRV- 7 t

NDICATOR SET

TO FORWARD?J

FORWD t YES

CALCULATE 'F i- 1/2

"F i USING EQUATIONS
a AND c FROM

WRITEUP

GETRV t

CALCULATE R i AND

V i USING EQUATIONS

e AND f FROM
WRITEUP

NO

FORWD- 3 t _

CALCULATE
Fn. 1 USING

N3SDCL

MLP t_

I SAVE Fn. 1

/
COMP- 4

INDICATOR SET

TO FORWARD?

FORD t YES

CALCULATE Ri, V i

USING EQUATIONS

i AND jFROM
WRITEUP

COMP |_

CALCULATE /
F n USING

N3SDCL

t
n:6

<- t
I

GETRV 4 t
CALCULATE 'Fi + 1/2, J
"F i USING EQUATIONS I

b AND cl FROM I
WRITEUP J

GETRV t

CALCULATE Ri, V i

USING EQUATIONS

g AND h FROM
WRITEUP

I

I CALCULATE R i V i

AND

USING EQUATIONS
k AND I FROM

WRITEUP
I

FIGURE 4,.5 N2EXCR PROGRAM FLOW CHART

- - Fin'1) 2 : E-

l _ INDICATORSET J'_'_ I
_1 _.TOFORWARD?J'--I
MOVEF I YES MOVEFt
PLACE F n Fi: 1/2,

le

AND =F i IN

FUNCTION TABLE

'
PLACE F_

_,'Fi+ 1/2

=Fi IN FUNCTION
TABLE
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4.5 SECOND DERIVATIVE CALCULATION CONTROL PROGRAM (N3SDCL)

Fi/h 2 by adding the output of subroutine N60PEP andN3SDCL calculated

N4DRAG. The flow chart for N3SDCL is shown in Figure 4-6.

4.5.I Input Requirements

The N3SDCL program uses two programs: N60PEP and N4DRAG.

Inputs to the N3SDCL program are:

a) The X, Y, Z, VX, VY, and VZ values from the following TNFUNK
table locations:

TNFUNK + 11 -- X

TNFUNK + 24 = Y

TNFUNK + 37 -- Z

TNFUNK + 12 = VX

TNFUNK+ 25 = VY

TNFUNK+ 38 = VZ

b) K000TI--the time for which r and v values are currently being
calculated in NOCPNI, the present integration time, expressed in
fixed point minutes or seconds, depending on K0000H.

c) K000TU--If a one, K0000H represents seconds, if zero, K0000H
represents minutes (both in fixed point).

d) KDORND -- If zero, the N4DRAG program is used, if not zero, the
N4DRAG program is not used (both in fixed point).

4.5.2 Output Requirements

The output of N3SDCL is
Table 4.1).

TNFUNK + 0 =

TNFUNK + 13 =

TNFUNK + 26 =

F./h 2 and is placed in the TNFUNK table (see
1
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4.5.3 Method

The equations used in N3SDCL are taken from The Computation of Orbits

by Dr. P. Herget.

3P
=---X- + D x

aP
=--y+ D

OP
=--_ + D z

The N3SDCL program is accurate to seven significant digits.

4.5.5 Usage

a) Calling Sequence

a TSX N3SDCL, 4

a + i Error Return

a + 2 Normal return

b) Space Required

57 locations

c) Erasable I_ocations

TEMNO + 85, 86, 87 (used for the index registers)

d) Constants

K00003 DEC 3

KDSUBX SYN TDSUBX D
X

KDSUBY SYN TDSUBY D
Y

KDSUB Z SYN TDSUB Z D
Z

! output of N4DRAG
(see 4.6.2)
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4.5.6

The

IJKNI.

0P
K00.XP SYN TNIINT

0x

ap
K00.YP SYN TNIINT + 1

3Y

3P
K00. ZP SYN TNIINT + 2

_z

TNDRAG BSS

TNETIM PZE

output of N60PEP
(see 4.10.2)

input to N4DRAG (see 4.6.1)

(see 4.2.5)

e) Time Required

539 + D + P cycles

where

D is timing for N4DRAG

P is timing for N60PEP

Checkout

N3SDCL program was checked by comparing its output to that of

4-45



MC 105

N3SDCL +_

X,Y,Z BY USING

N60 PEP

N3SDCL + 5
l

IS DRAG _NO
FACTOR TO BE

CALCULATED?J

! YES

THIMK - 2
l

BY USING N4DRAG \

Dx, Dy, D z ARE DRAG /

ACTORS FOR X,Y,Z)/

THIMK i _"

CALCULATE Fi/h2
FOR X,Y,Z BY

USING EQUATIONS

],2,3 FROM WRITEUP,

ZEROES _ Dx, Dy,

D z (DRAG FACTORS
FOR X, Y, Z)

FIGURE 4-6. N3SDCL PROGRAM FLOW CHART
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4.6 CAPSULE DRAG FORMULATION PROGRAM (N4DRAG)

The N4DRAG program produces the components of the drag acceleration

and capsule impact data during a Mercury mission. The flow chart for N4DRAG

is shown in Figure 4-7.

4.6.1 Input Requirements

N4DRAG uses the Mercury subroutines, N4PDEN, N4COEF and A3MSCP,

and the library subroutine, UISQRT. Write-ups for N4PDEN and N4COEF are

contained in Subsections 4.7 and 4.8, respectively. The write-up for A3MSCP
is located in Subsection 3.14.

Input to the N4DRAG program is:

TNDRAG

TNDRAG + 1 X

TNDRAG + 2 Y

TNDRAG + 3 Z

TNDRAG + 4 VX

TNDRAG + 5 VY

TNDRAG + 6 VZ

Time, to, in minutes or seconds in fixed point

and _ vectors corresponding to time t 0, in float-
ing point.

TODRAG

TN7N12

TN4NEX

A location set to zero or 1 by the retrofire pro-
gram to determine the output of N4DRAG.

(See 4.11.1,g)

Indicator set by R2AINT (subroutine of Differential
Correction)

(NOTE: Normal Status + 0)

If minus: the N4DRAG program will not store any
impact data; one of the six tables needed for the

numerical differential correction is being gen-
erated.

If minus zero: Do not exit at 60,000 feet. Thus the
numerical differential correction tables (after the

first one) will all have the same ending time.
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TEMN0 + 61: Common location

+ 1 indicates backward integration

+ 0 indicates forward integration

4.6.2 Output Requirements

The output requirements for N4DRAG are:

TDSUBX I X, Y, and Z components of the drag acceleration in floating

TDSUBY ! point Mercury unitsTDSUBZ
/

If TODRAG is set equal to zero, time at 450,000 ft. is stored in TODCHC

and the re-entry impact data is stored in the TMORMC block:

TMORMC + 12 GMT of landing based on present capsule setting; min/
address, sec/decrement.

TMORMC + 13 Latitude of landing point for end of mission in floating
point radians.

TMORMC + 14 Longitude of landing point in floating point radians.

If TODRAG _ 0, retrofire impact data is stored in block TMIMPP:

TMLMPP First time, t 1, -< 60,000 ft.; min/address, sec/decre-
ment.

TMIMPP + 1 _b at time t 1, in floating point.

TMIMPP + 2 A at time t I, in floating point.

TMIMPP + 3 last time, t 2, _<450,000 ft.; min/address, sec/decre-
ment.

TMIMPP + 4 X

TMIMPP + 5 Y

TMIMPP + 6 Z

TMIMPP + 7 VX

TMIMPP + 8 VY

TMIMPP + 9 V Z

and _ parameters at time t 1 in floating point.
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Other Requirements: The normal state of TODRAG is zero. The retrofire

program sets this indicator to a nonzero value only during retrofire calcula-
tions: it resets the indicator to zero upon completion of these calculations.

4.6.3 Method

The following equations are used by the N4DRAG program:

V= /IVx+ Y_ 12 IV 12 2Z + Y- X°)z + VZ

h geop. meters = 6378145.0 hMercury units / (1 + h

from ICAO standard atmosphere.

D X= -1/2C d pV (V X +Y_o Z)

Dy= -1/2 Cd pV (Vy - XO)Z)

D z = 1/2 Cd p V V Z

coz = 0.58833543, rotational velocity of the earth

The N4DRAG program is accurate to seven significant digits.

4.6.4 Usage

a) Calling Sequence:

a TSX N4DRAG, 4

a + 1 Re-entry return

a + 2 Normal return

Mercury units ) formulated

b) Space Required - 130 locations, excluding constants andtables -- two
of which are temporary storage locations.

e) Error Codes -- two in the decrement of location N4DRAG if height is
_<60,000 feet.

d) Special Usage--Exit will not be made for a 60,000 feet indication
under the following conditions:

1) Initial function table set up by NISUFT is in process. (TN7N12 = 0).
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2) Backward integration is in process {TEMNO+ 61_ 0)

3) After first of six numerical differential correction tables has
given a time of a 60,000 feet exit, TN4NEX is set to zero to use
this time as an exit for the remaining tables (not a height indica-
tion).

e) Constants:

K0.6E4 DEC .0028672914

K045.4 DEC .021504685

K.OMEG DEC .058833543

K000.5 DEC 0.5

K001.0 DEC 1.0

K00060 DEC 6.0

60,000ft. in Mercury units

450,000ft. in Mercury units

rotational velocity of time of
earth/Mercury units

K0.RAD DEC 6378145. Equatorial radius of earth in
meters

K000TU

K0DENS

f) Tables:

_SeeSubsection4.2.1)

Constantwithin codingat calling
sequenceto N4PDEN.

T00IND -- t 450,000ft.. min/address, sec/decrement

TCSUBD-- coefficient of drag

TVELOC -- velocity vector magnitude {including rotation of Earth).

TN4LLH--three-word output block for A3MSCP containing latitude
{radians}, longitude {radians), andheight {Mercury units).

g) Erasable Locations -- AA and AB. TEMN4 PZE Temporary location.
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h) Time Required:

Average Time =4.788 msec. + tA3MSCP+ tN4DENS+tN4COEF + tU1SQRT

Time if h < 60,000 ft. = 2.028+ tA3MSCP+ t U1SQRT

1.128 msec. additional to store impact data.

4.6.5 Checkout

The N4DRAG program was checked out by comparing machine results with

hand calculations, running integrations (orbit and re-entry) to test the reason-
ableness of program, and comparing orbit integrations with IJKNI output.
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IS PROGRAM

NISUFT
IN PROCESS

STORE RE-EN-
TRY IMPACT

DATA IN
TMIMPP BLOCK

ENTER WITH t i (IN ALL

MI NUTES OR.SE.CONDS)
X, Y, Z, X, Y, Z,

IN TNDRAG BLOCK

NO

t
(y_ Xoj )2 + ;_ 2 -_

V =_//_" in Mercury units

CSCP

CALCULATES

X, (_,IN FLOATING
POINT RADIANS.

h IN MERCURY UNITS
A3MSCP

t
< ( h :450,000FT.

> TYME I- >
i

h : 60,000 FEET J SAVE TIME

< J INT_tND
STARTING =

TABLE BEING SET UP? OK -_W
TN7N12 = 0 1

J 6378745h

hm'=
HEIGHT NOW IN GEO-
POTENTIAL METERS

GRATION IN PROCESS?

TEMNO + 61 1

DO NOT STOP
AT 60,000 FEET

TN4NEX = -0

TODRAG :0

J CONVERT TIME IN TNDRAG TO J
MINUTES IN ADDRESS + SECONDS IN J

DECREMENT FOR A3MSCP J

KODENS t

COMPUTE
DENSITY AT h

COEF N4PDEN

COMPUTE
COEFFICIENT OF DRAG

N4COEF

WHERE
V= TVELOC

= K.OMEG

>t °UTo U L---- TN4LLH
+IA
+2h

STORE T001ND IN
TODCHC. STORE

RE-ENTRY IMPACT
DATA IN TMORMC

BLOCK

CALCULATE COMPONENTS
OF DRAG ACCE.LERATION

Dx = -½CDpV (X + Yco)

Dy = ._ Co p V (9- Xo_)

Dz=-½Cop V(Z)

FIGURE 4-7 N4DRAG PROGRAM FLOW CHART
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4.7 ATMOSPHERIC DENSITY COMPUTATION PROGRAM (N4PDEN)

This program produces, in Mercury units, the atmospheric density cor-
responding to a given altitude and stores it in the calling sequence at a + 2
(KODENS + 2). The flow chart for the N4PDEN program is shown in Figure 4-8.

4.7.1 Input Requirements

The exponential library subroutine, U1EXPE, is usedwith N4PDEN. Capsule
altitude is supplied to N4PDEN in geopotential meters in the calling sequence
at a + 1 (KODENS + 1).

4.7.2 Output Requirements

Density in Mercury units corresponding to the given altitude is stored in
the calling sequence at a + 2 (KODENS + 2).

4.7.3 Method

Given altitude, h, in geopotential meters, then for p (density) in kg/m 3.

For low altitudes where 100 < h < h :
C

Lnp=.027890921-2.0913592 (h/105) -85.812859 (h/105)2

+203._3606(_/i0_)3
- 83.952_8(_/_0_) 5
-44.56152(h/,o_) 7

For high altitudes where h =<h < 278260:
C

Lnp = 19.748648 - 56.044534 (h/lO 5)

+_._o. (_/,0_)_

+.,9_84 (h/,o_)

-.08_84_.6(_/_0_)
P = exp (LnP) in kg/m 3

= 4.3414636 x 10 -5 p in Mercury units

If mutilation is called for, p =K p where K = C(K.MUTE)

+ 15.551762 (h/105 ) 2

- 6.8256342 (h/105 ) 4

+.50902268 (h/105) 6
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4.7.4 Usage

a) Calling Sequence:

TSX

PZE

PZE

Error Return

Normal Return

N4PDEN, 4

1
Altitude in m (supplied)

Density in Mercury units (output)

(Not used)

b) Space Required -- 70 locations, excluding subroutines and K locations.

c) Special Usage:

If mutilation is desired:

1) Set the c (indicator K001S1) = 1

2) Store mutilation coefficient in location K.MUTE

d) Constants:

KOMASK

K. N4HC DEC

K001SI

KI00.0 DEC

K10. ES DEC

K0. DE1 DEC

K.MUTE

K04. M5

136025.0

Sense indicator mask

Critical altitude

If one, mutilate density, constant
value once set.

100.0

100000.0

.000044545482 Density at 100 miles
Mercury units

Density mutilation coefficient

in

Converts metric density to Mer-
cury units

MSUERR Location for error exit

Index registers 1 and 4 and the sense indicators are used with con-
stants restored on normal exit.

4-54



MC 105

e) Erasable Locations -- INSVEand N4HGT

4.7.5 Checkout

Density tables were reproduced according to acceptable standard deviation
of fit to logarithms. Coefficients were obtained using LSQ1 with data taken from
ARDC Model atmosphere 1956, AFCRC-TR-59 267, Air Force Surveys in

geophysics No. - 115, pages 36 - 47.

i
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he= CRITICAL L

ALTITUDE= 136.025|''-.
MILES J _-...

N4PDS _
GET Lno

USING HIGH
ALTITUDE

POLYNOMINAL

TES5 _ _

KOMASK = 0 J J

NO_
CONVERT p

TO MERCURY

UNITS AND

STORE IN

a+2

DID AC
OVERFLOW

OCCUR?

RESTORE

XR1,4
INDICATORS

I SAVE XRI,4
SAVE INDICATORS i

t <
( h.,OOM,,ES)

NZIT t >

h:hc

GET Lnp

USING LOW
ALTITUDE

POLYNOMINAL

t
GETpUIEXPE

I

p = kp
k= K.MUTE

I h= ALTITUDE IN J

GEOPOTENTIAL ME-l

TERS INPUT INa+ 1 J

STORE p AT100 MILES FOR

OUTPUT AT a + 2

J STORE I00 MILESFOR INPUT ATa+ I

ZERO\ ........

INa+2

J p IN 1gm/cm 3

THIS ONLY OCCURS AT

EXTREMELY HIGH

ALTITUDES WHERE

DENSITY IS NEGLIGIBLE

FOR LATER CALCULATIONS

FIGURE 4-8 N4PDEN PROGRAM FLOW CHART
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(Tm) b

(Tm) b

C s=20.046333 v/ Tm

4.8 COEFFICIENT OF DRAG CALCULATION PROGRAM (N4COEF)

The N4COEF program calculates the coefficient of atmospheric drag on
the capsule. The flow chart for this program is shown in Figure 4-9.

4.8.1 Input Requirements

Two library routines are used as input to the N4COEF program:

a) U1SQRT - square root routine.

b) U1SICO - sine/cosine routine.

The following information also serves as input to N4COEF:

a) KODENS - 1, containing altitude in geopotential meters, floating point.

b} TVELOC, containing velocity vector magnitude in Mercury units,
floating point.

c) MCZRWX, Monitor control word whose decrement indicates the type
being generated.

decrement = 0, orbit table

decrement _ 0, re-entry table

4.8.2 Output Requirements

Location TCSUBD, which contains the coefficient of drag in Mercury units
(area/mass of capsule), is the output from N4COEF.

4.8.3 Method

N4COEF uses the following equations:

+ Tob - 288.16 = (Tm) b (1)

+ L m (h= hb) = T m (2)

(CD)0 = 1.75 +.25 cos

h =<90,000 M (3)

172205.0 -h 132000.0 145 KM'_ < h _<177KM" (4)
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4-58

CD= (CD) 410203811.0

The N4COEF program is accurate to seven significantdigits.

4.8.4 Usage

a) Calling Sequence

a TSX

a +1

a +2

b) Space Required

115 locations including internal tables.

c) Constants

KCD.CV DEC

N4COEF, 4

Error return (not used)

Normal return

KCD.CW DEC

K.MACH DEC 7905.3827

KS.UND DEC 20.0463333

K00.25 DEC .25

K001.5 DEC 1.5

KI.525 DEC 1.525

K01.75 DEC 1.75

K002.0 DEC 2.0

Area/mass in Mercury units

(floating point), where weight
factor represents orbit weight
of capsule. Variable because
of weight change for various
launchings.

Same as above constant with

re-entry weight as a factor.

Mercury units of velocity.

Proportionality constants, C s
-T equation.

m

K00.P1 DEC 3.14159265
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K010.0

K32. E3

K0.9 E4

KL.HGT

KT.GHT

d) Tables:

TCSUBD

TVELOC

DEC 10.0

DEC 32000.0

DEC 90000.0

DEC 141766.0

DEC 172205.0

Coefficient of drag {Mercury units}

Velocity vector magnitude {Mercury units}

e) Common Locations -- CA SYN STRGE

f) Time Required:

Normal time = .672 milliseconds

Maximum time = (3.312 +.06 i + .108j) milliseconds

where:

i = number of lookups in HSUBB table

j = number of lookups in MACH # table

4.8.5 Checkout

All possibilities were tested against check calculations. N4COEF was run
with numerical integration and compared with NOCPNI runs, using a constant
coefficient of drag.
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TAGEN

CD'= 1.50

h: 141766.0 m"

>

RETST r

O_i"ENTIAL METERSI

V I IN MERCURY J

UNITS J

(_ DECRIMENT

OF MCZRWX = 0

I SELECT M FOR RE-ENTRY.
CAPSULE WEIGHT

M= KCD,CW
1_
F

h: 90000.0 m

GETTM _ <:

I (TM) b (TM) b- Tob- 288.16

h: 172205.0 m"

CDEQ2 _ > ' I < TSBM, CTEMP

"_l CD"=2"0 I I TM=(TM)b+LM(h-hb) i-----

ROOT2 1

I CS = 20"046333 V/-_M _----"

1
MACH = 7.8997571 x 103 (---_£

FIGURE 1-9 H4COEF PROGRAM FLOW CHART (Sheet 1 o[ 2)

SELECT M FOR
ORBIT. CAPSULE

WEIGHT
M = KCD.CV

ADJUST 1959
MODEL VALUE

OF TM,

(TM)b, ACCORDING

TO STATION VALUE

OF T M AT SEA LEV=.L

TM IS

TEMPERATURE
GRADIENT

Cs=SPEED OF

SOUND M/S
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I SETCD

MACH: 10.0

MVSCD I <

TABLE

©

CD'= 1.75 + .25COS n'_ h - 172205.032000.0

CSD

7---

I co: co xMF--

C D "= 1.5250

C O IS RATIO OF

AREA OF CAPSULE

TO MASS OF

CAPSULE IN

MERCURY UNITS.

M IS CONVERSION

FACTOR

FIGURE 4-9. N4COEF PROGRAM FLOW CHART (Sheet 2 of 2)
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4.9 NUMERICAL INTEGRATION TABLE COMPILER PROGRAM (N5OTBL)

The purpose of N5OTBL is to build the integration output table in the re-
quired format using Y or _ andV values produced by the N2EXCRprogram. The
flow chart for the N5OTBLprogram is shownin Figure 4-10.

4.9.1 Input Requirements

Inputs to the N5OTBL program are:

TNFUNK + ii

TNFUNK + 24

TNFUNK + 37

TNFUNK + 12

TNFUNK + 25

TNFUNK + 38

(K000TI)

(K000ST)

(K000TL)

(K000TL) I)

(KRORRV)

X

Y

Z

V
X

V
Y

V
Z

table.

4.9.2 Output Requirements

r vector

V vector

Present time

Starting time

Table location

Integration output interval

Indication of _ or r and _ numerical integration

0 indicates P table

I indicates _ and v table

The output table of the N5OTBL program is in the following format:

Indication of minutes or seconds(K000TL) 0 min
I see

Integration output interval

Starting time

Ending time

1 ) Fixed point minutes or

2 I seconds as indicated by3 first location
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For r

Numerical Integration Table

m

For r and v

Numerical Integration Table

rl rl
X X

rl rl
Y Y

rl rl
Z Z

r2 vl
X X

r2 vl
Y Y

r2 vl
Z Z

r 2
X

r 2
Y

r 2
Z

v 2
X

v2
Y

v2
Z

4.9.3 Method

The following two equati.ons are used in the N5OTBL program:

numerical integration table

r + v numerical integrationtable

I(_°°°_'_+_+E_(_ooo_i_-(_ooos_]}

/ EC(KOOOTL)+ 1)]

EC(KOOOTL +1) ]

Use these equations to search for correct location to store _ and _ values.

4.9.4 Usage

a) Calling Sequence:

a TSX N5OTBL, 4

a + 1 Normal return
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b) Space Required -- 42 locations for the main program; 83 additional
locations (K locations and temporary storage).

c) Constants:

K000TI Present time

K000ST Start time

K000TL Table location

KRORRV Indication of _ or • and

K00001 1

K00003 3

K00006 6

K00010 10

d) Common Locations -- TNFUNK (39 locations)

e) Time Required -- 1.8 milliseconds

Syn Cards for N5OTBL

K000TI

K000TL

KRORRV

K000ST

SYN

SYN

SYN

SYN

TNIINT+6

TMBBNI+7

TMBBNI+13

TNIINT+7

4.9.5 Checkout

The N5OTBL program has been operating in the Mercury Program System
since December, 1960.
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(r) = 0

1
LOCATE POSITION

OF FIRST _" FOR 7

NUMERICAL INTEGRATION

TABLE

I

FIGURE 4-10.

N5OTBL

SAVE

INDEX

REGISTERS

FIX H t

INITIALIZE

OUTPUT

INTERVAL

TESTR t

RORRV FOR "FOR_

7"+ 9" NUMERICAL/

TEGRATION TABL _//

FRSTX t = ] (7+ ;)

LOCATE POSITION OF
FIRST x FOR r +

NUMERICAL
INTEGRATION TABLE

INITIALIZE

INDEX

REGISTERS

J2 t
STORE FIRST 7'

AND FIRST'_

VECTOR

!

C C(XR,,:,3 )
_t

RESTORE

INDEX

REGISTERS

H5OTBL PROGRAM FLOW CHART
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4.10 EARTH'S EFFECT ON CAPSULE CALCULATION PROGRAM (N60PEP)

The N60PEP program calculates the force on the capsule due to earth's
potential. The flow chart for this program is shown in Figure 4-11.

4.10.1 Input Requirements

The square root library subroutine, U1SQRT, is used with this program.
the following information from the TNFUNK table serves as input to N60PEP:

Input Symbolic Location

X TNFUNK + 11

Y TNFUNK + 24

Z TNFUNK + 37

Floating Point

4.10.2 Output Requirements

Output from the N60PEP consists of the following data-

OP
0 X KOO.XP

OP
0 Y KO0. YP Floating Point

OP
0 Z KO0. ZP

4.10.3 Method

The following equations are used by the N60PEP program.

0X r3 1-2r 2_ 5 -1 =XM
(1)

(2)

OZ- r 3 1---2r 2 5 -3 =Z +

r =v/X2 + y2+ Z 2

(3)

(4)

0-00
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4-68

4.10.4 Usage

a) Calling Sequence

a TSX N60PEP,4

a + 1 Normal return

(Error return in U1SQRT library subroutine is handled by Monitor.
Return is to a location in Monitor.)

b) Space Required

64 locations (Main Program) plus U1SQRT and 10temporary locations

designated by TEMN3.

c) Constants

Symbols

K00.C2

K00000

K001.0

K002.0

K003.0

K005.0

d) Tables Used:

TNFUNK - 38 locations

TEMN 3 - 10 locations

e) Timing

14.424 milliseconds

K00. XP SYN

K00. YP SYN

K00. ZP SYN

Value

.00324696

0

1.0

2.0

3.0

5.0

SYN CARDS FOR N60PEP

TNIINT

TNIINT + 1

TNIINT + 2
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4.10.5 Checkout

The N60PEP program has been operating in the Mercury Program System
since March, 1961.
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N60P E_

SAVE
INDEX

REGISTERS

CMPSQ f

COMPUTE:

X2+y2+z2=r

i

RCOMP t

COMPUTE:

R2, 2r2, r3

CALCM t

COMPUTE:

s r -i

4 SECOND
TIME ZVALU

BBALI

COMPUTE: H
(1-_[5(f_-_=(M+ rC-_5'

X,ALUf F,RSTT,ME t
CALCULATE: RESTORE

-_p= XM INDEX
a X REGISTERS

XV,LUi

CALCULATE:
-(ap= YM)

ay

CLCMP i

COMPUTE:

CALCULATE:

-o_p _ c2
_z- z (M+_')

FIGURE 4-11 H60PEP PROGRAM FLOW CHART
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4.11 VARIABLE STEP INTEGRATION EQUATIONS PROGRAM (N7VARS)

The purpose of this program is to decrease the step time of integrationby
one-half and to calculate F values for half step. The flow chart for N7VARS is

shown in Figure 4-12.

4.11.1 Input Requirements

The following serve as input to the N7VARS program:

a) K000TI: Present time of integration;if TN7HSI is _ 0, time is nearest
unit.

b) K0000H: Integrationtime step;ifTN7HSIis _0, time step is to nearest
unit.

c) K000.H: Time step in Mercury units.

d) K00.2H: (K000.H) 2 in Mercury units.

e) KINTVN: Number of steps per output.

f) TNFUNK: Function table (see Table 4.1).

g) TN7N12: Indicator = 0 - entrance from NISUFT therefore do not cal-
culate half step F values.

Indicator _ 0 - entrance from N2EXCR.

h) TNSAVR: Last _ and _ were saved in these locations (f).

i) TN7ICT: Counter to determine the number of times the time step was

decreased for convergence in a particular interval.

j) TN7HSI: Indicator = 0 - time step is a unit number.

Indicator_ 0 - time step is less than unity and is expressed

in floatingpoint units.

k) TNIFPT: Present time of integration in floatingpoint units.

I) TEMN0 4-61: Indicator = 0 - forward integration in process.

Indicator _ 0 - backward integration in process.

4.11.2 Output Requirements

The output of N7VARS consists ofthe following information:
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a) K000TI:

b) K0000H

c) K000.H

d) K00.2H

Former T. adjusted for decrease in time step.
1

All values associated with time

step divided by 2.

e) KINTVN: Number of steps per output increased.

f) TNFUNK: Only if entrance is made from N2EXCR re-evaluated
function table with half-line values calculated.

4.11.3 Method

The following equations are used by the N7VARS program:

5

Fi -+1/2 k= 0 TR Fi-k

5

= Z T"
Fi -+3/2 k= 0 RFi-k

5
=

Fi +5/2 k= 0 T"R Fi-k

specialized deviation

of Lagrangian six point

(1)

(2)

interpolation. (3)

6
Z

"'F i = R. - Ak F i1 k=l -+k

"Fi- 1/2 = (h)V i-

6

k=l

"Fi + 1/2 = (h)V i

6

÷
k=l

(forward or backward) \

A" F. (forward)
i 1-k

A'k Fi + k (backward)

From

Subsection

4.4.3

(4)

(5)

(6)

4.11.4 Usage

a) Calling Sequence

TSX

Normal Return

N7VARS, 4
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b) Error Codes

Program transfers to error return if interval is reduced too small
{TN7ISI < K00HSI) or if the number of steps per output {KINTVN)
exceeds decrement storage (15 bits).

c) Space Required

150 locations + 10 temporary locations designated by TEMN7.

d) Special Usage

The following are three possible cases of non-convergence where
N7VARS would be used:

a) NISUFT while setting up function table 1) TN7N12 = 0 as input to

N7VARS, 2) C(AC) = 0 on return from N7VARS.

b) N2EXCR while being used to set up function table (NISUFT) 1)

TN7N12 = 0 as input,2) C(AC) = 0 on return from N7VARS.

c) N2EXCR while being used to update already established function

table 1) TN7N12 = 0 as input,2) C(AC) _ 0.

In cases (a) and (b), N7VARS will only change interval and initialize

constants depending on the time step.

e) Constants

K002.0 DEC 2.0

K004.0 DEC 4.0

K000.5 DEC 0.5

K00.A1...6 I see 4.4.4, c

K0.A.1P...6P

K00HSI DEC

TNVS.C DEC

TNVS.C + 1 DEC

TNVS.C + 2 DEC

TNVS.C + 3 DEC

TNVS.C + 4 DEC

TNVS.C + 5 DEC

1/16 (smallest time step desired)

.24609375

-.02734375

.01171875

1.23046875

,41015625

-.09765625

TR, R = 0, 5 (in4.11.3,

Eq. 1)
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TNVS.C +6 DEC

TNVS.C +7 DEC

TNVS.C +8 DEC

TNVS.C +9 DEC

TNVS.C + 10 DEC

TNVS.C + 11 DEC

TNVS.C + 12 DEC

TNVS.C + 13 DEC

TNVS.C + 14 DEC

TNVS.C + 15 DEC

TNVS.C + 16 DEC

TNVS.C+ 17 DEC

f) Timing

Entrancefrom NISUFT

K0000H_>1

K0000H< 1

Entrancefrom N2EXCR

4.11.5 Checkout

-.8203125

.8203125

.5859375

.4921875

-.2734375 }
.5859375

-.17578125

.08203125

-.09765625

.02734375

-.01171875

.01171875

T R •R = 0, 5 (in 4.11.3,

Eq. 2.)

p

T R" R = 0, 5 (in4.11.3,

Eq. 2)

T'R R = 0, 5 (in4.11.3,

Eq. 3)

59 cycles (7090)

79 cycles (7090)

The N7VARS program coding was checked by hand calculation using the
equations in 4.11.3. The actual formulation of Eq. 1, 2, and 3 was checked by:

1) generating an integration table with data such that it would be necessary to
use a smaller interval than designated thus using N7VARS, 2) reproducing this
integration table but using the reduced interval all the way, 3) comparing r and
v values in both tables showed six place accuracy at t. immediately after reduc-
tion of the interval, i
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EDED DECREMENT_
AGE? OR IS INTER-I

REDUCED TOO /
SMALL? /

N7HSI < KOOHSL//

I INITIALIZE I
(1) RE_ STEP /

I/2 (VALUES ASSOCIATEI:: !

WITH IT). /
(2) INCREASE NUMBER OF/

STEPS/OUTPUT BY 2 |

t

--_ N2EXCR? J _ ":V7" }
,,,,_7.;2: o4NlSUFj.,,/

t N2EXCR

I SAVE INDEX IREGISTERS

t
ADJUST t i FOR

CHANGE IN TIME STEP
FOR BACKWARD OR

FORWARD INTEGRATION

N704 t

WHERE k= llg

N7F t

J CALCULATE F JVALUES ON HALF STEP

N7EX t

CALCULATE
"Fi + I/2

'Fi- I/4 OR
'Fi + I/4

RESTORE
XR'S

FIGURE 4-12. N7VARS PROGRAM FLOW CHART
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4.12 DIFFERENTIAL CORRECTION

During a Mercury mission the Goddard 7090 computers accept radar track-
ing data from the worldwide tracking network. The computers use this data to
establish the present position of the capsule to improve the orbit determination

so successive radar stations can acquire the capsule, and to supervise re-entry.
Differential correction uses site radar data to correct orbital position and
velocity parameters. A brief discussion of the mathematic altechniques employed
in differential correction follows.

If the position and velocity vectors of a capsule in orbit are known, its co-
ordinates at any future time can be predicted. This computation is accomplished
by numerically integrating the three second-order differential equations of motion
using Cowell's method. However, the accuracy of this prediction is dependent
upon the accuracy of the initial vectors and on the precision with which the
perturbations due to the earth's shape and atmosphere are represented. The

accuracy of the initial vectors, Ys and V s, is affected by measurement errors

in radar equipment. The perturbations are approximated using models of the
earth's shape and atmosphere based on the latest available information. Hence,
to account for these deviations to the elliptical orbit, the predictions must be
continually improved or updated using radar observations. The method which
accomplishes the updating task is called differential correction.

Assume that a numerical integration prediction table has been generated by
NOCPNI using Cowell's method based on the position and velocity vectors,

S

and V s, at time t s. The six components of base vectors are referenced to an

inertial coordinate system. Hence, a set of values t i, Xli, x2i, x3i, x4i , Xsi ' x6i

and i ranges over the orbit lifetime are obtained. In addition, assume that a set

of observations tjk, Rjk, Ajk, Ejk (or, in vector notation; tjk, Fjk ) in local co-
ordinates are available where:

= kth .th
Rjk observation of range at the j radar station

kth .th
Ajk = observation of azimuth at the ] radar station

kth .th
Ejk = observation of elevation at the ] radar station

tjk = time of the k th observation at the jth radar station

At any tjk, we can interpolate into the numerical integration table and obtain
p

a corresponding _. Knowing the position of the jth station at tjk, then R'jk, A jk'
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Eik is obtained which is the predicted k th observation at the jth

on • and V .
S S

station based

Now AF = Fjk - F'jk represents, except for measurement errors, the dif-

ference between the actual position of the capsule at tik and its predicted posi-
J

tion. Since F is a function of the six independent variables x (m = 1 .... ,6),ms

first order differential effects are considered by use of the total differential
{called an Equation of Condition):

6 0 Fjk Ax = h
dFjk = X ms Fjk

m = 1 O Xms

Where each h Xms is an incremental change in the corresponding component of

the position and velocity vectors P and 7. {Note: these vectors are not constant
through an orbit, but are shifted at each of the radar stations.) In this equation,

the partial differential coefficients and h Fjk, are known at each tjk. Hence, a

system of equations with six unknowns is obtained. These equations are weighted
to account for measurement errors which vary with the radar stations and the

individual components of Fjk. A solution is then obtained by the weighted least

squares technique. After establishing that this solution, is, in fact, an improve-

ment, a numerical integration table is generated about the new Ys and V s and

the process is repeated until the h Xms are insignificant.

The DODIFC program writeup designed to direct and control the differential
control function together with its subprograms are included in subsections 4.13
to 4.24.
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4.13 DIFFERENTIAL CORRECTION CONTROL PROGRAM (DODIFC)

DODIFC is the control program for 14 programs which perform the dif-

ferential correction function in the Mercury Program System. The flow chart
for the DODIFC program is shown in Figure 4-13.

4.13.1 Input Requirements

To accomplish its function DODIFC requires the following Mercury programs
and library routines:

Mercury Programs

DIPCDC D2CSFE D2SLNE

D2SSMT D2SUNE D2WEQT

D3CDRM DSWTLU

D4CFRV

RINDCP R2AINT

Library Subroutines

U7INTP, U1-SQRT, UAILSC

The following tables serve as input to the DODIFC program:

a) TMSTMS - a table of up to 15 words of the following format:

Sign: (+) if additionalwords follow

(-) if this is the last word

Address: address of the first location of a block of edited radar data
from one station.

The control words are arranged in descending order of capsule
crossing; that is, the control word pertaining to the last station

crossed is listed first. Stations are dropped when t a is greater than

a preset time interval from ta for the last station reporting. Only

one station may be added. The position of the added control word,
relative to TMSTMS, is placed in the A (AC). Thus a zero in the
A (AC) means that the added control word is in TMSTMS, a 1 indicates
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b)

that it is in TMSTMS + 1, etc. If no control word is added, that is, if a
second or subsequent differential correction is to be computed with the

original data, the S(AC) will be minus and plus otherwise. No more
than 15 edited data blocks are available, so TMSTMS contains no more

than 15 control words. The locations of edited blocks of messages from
all stations crossed in the last full orbit are covered by this technique.
No messages are made available to the orbit computing program unless
the station has stopped transmitting for that pass, and the data has
been edited.

TNINT1 - A block containing an orbit integration table in the following
format:

TNINT1 Form of table: 0 = minutes,
1 = seconds.

+1

+2

+3

Fixed point

Interval at which entries are made in the
table.

The starting time of the table.

The ending time of the table.

c)

d)

e)

f)

+4

+5

+6

+7

+8

+9

etc.

Floating point

X

Y

Z

,i,

TNINT2 - Re-entry table, same format as above.

The r, v and t from the last differential correction for the present
station are available to DODIFC in locations TDRANVto TDRANV + 6.

Monitor supplies the station characteristics block in the format shown
in Table 4-3.

TMSTCH - A 37-word reference table with the address - 1 of the sta-
tion characteristic block for each station. Each word in the block con-

tains the location of the word preceding the first word in the desired
station block. For example:

4-80



MC-105

TABLE 4-3. STATION CHARACTERISTICS BLOCK CONTENTS

Word
No.

1 Prefix: Site Type (0 = AN/FPS-16; 1 = Verlort; 2 = telemetry)
Decrement: Earth Sector Number
Address: DCC Input Subchannel Number

2 Prefix: Other radars at this site (7 = AN/FPS-16; 1 = Verlort; 0 = none)
Address: Internal Station Number

3 DCC Output Subchannel Mask (Subchannel 10=PZE 0,0,16; Subchannel 11=PZE 0,0,8)

4,5 Station Name
(in BCD)

Item Source

6 Geodetic Longitude ()_)
7 Geodetic Latitude (_b)
8 Geocentric Latitude (_')
9 sin

10 cos
11 R s sin (q_-qS")

12 R s cos (_-qY)

13 Radius from Earth Center to Sta. (Rs)
14 Altitude above Ellipsoid (H)
15 Local Vertical Deflection

Longitude (A)0
16 Local Vertical Deflection

Latitude (Aq_)
17 Calibrated Boresight Elevation
18 Calibrated Boresight Azimuth
19 Inertial Longitude at Reference Time
20 Air Pressure at Ground Level (P.)

21 Temperature at Ground Level (T_)

22 Water Vapor Content at Ground

Level (eg)
23 Azimuth Deviation from True North

24 Square Root of Weight 1 (Range)
25 Square Root of Weight 2 (Azimuth)
26 Square Root of Weight 3 (Elevation)
27 Modulus (n-l)

28 R sin _b- _b'))29 R cos -

30 sin q_"
31 cos _"
32 Boresight Elevation Correction

(C3)**
33 Boresight Azimuth Correction

(C2)**
34 Open for Expansion

Given
Given
Computed
Computed
Computed
Computed

Computed

Computed
Given
Given

Given

Given
Given
Computed
Given

Given

Given

Given
Given
Given
Given
Computed
Computed
Computed
Computed
Computed
Computed

Computed

Source

Format

Dec.
Dec.

Dec.

Dec.

Dec.

Dec.

Dec.

Dec.

Dec.

Dec.

Dec.
Dec.
Dec.
Dec.

Source Converted Converted

Unit Format Unit

DMS* Fit.
DMS* Fit.

Fit.
Fit.
Fit.
Fit.

Fit.

Fit.
Meters Fit.
DMS* Fit.

DMS* Fit.

DMS*
DMS*

Millibars

oC

Millibars

DMS*

Pt.
Pt.
Pt.
Pt.
Pt.
Pt.

Pt.

Pt.
Pt.
Pt.

Pt.

Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.

Fit. Pt.

Fit. Pt.

Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.
Fit. Pt.

Fit. Pt.

Radians
Radians
Radians
Radians
Radians
Earth Radii

Earth Radii

Earth Radii
Earth Radii
Radians

Radians

Radians
Radians
Radians
Millibars

oK

Millibars

Radians
m

Earth Radii
Earth Radii
Radians
Radians
Radians

Radians

*DMS--degrees, minutes and seconds
**Original Input--raw radar reading
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TMSTCH

+1

+2

+3

etc.

blank

Loc -1 of Station Char.
Block No. 1

Loc -1 of Station Char.
Block No. 2

Loc -1 of Station Char.
Block No. 3

g} Station message blocks in the following format:

Word - 1.

Word - 2.

Word - 3.

Word - 4.

Word - 5.

Word - 6.

Word - 7.

Station identification number in address, pass number in

decrement.

Number of radar messages in this block.

Location, relative to word 1, of time for minimum range

in this block. (Address field}

Time (T1) fixed point, minutes in address, seconds in

decrement.

Range (R 1) floating point in Mercury units.

Azimuth (A1} floatingpoint in radians.

Elevation (E1) floatingpoint in radians.

Word - 8. T 2

Word - 9. R 2
2nd radar message

Word - 10. A 2

Word - 11. E 2

An erroneous message is indicated by + 1.

h) MCNRRF

= 0 during orbit

t 0 during re-entry
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i) TFESAB

The first even second after burnout in fixed point seconds B35.

4.13.2 Output Requirements

The following are the output requirements of DODIFC:

a} At the completion of DODIFC, a transfer is made to MFDIFC with the

accummulator in the following format:

AC = 0 perform numerical integration

AC ¢ 0 do not perform numerical integration

S(AC) = + do not perform another differential correction until new
data has been collected.

S(AC) = - perform another differential correction before supplying
new data.

1 in P(AC) input for numerical integration is in table TNNDCI (for
6 NDC tables).

0 in P(AC) input for numerical integration is in table TDRANV (nor-
mal setting).

b) TDRANV - if indication has been made to perform an integration, the
15- location table shown in Table 4-4 is set as input.

c) TDPRNT - 100 word output block used for printing on-line messages
of differential correction results (see TDPRNT table for-
mat shown in Table 4-5).
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TABLE 4-4 TDRANV TABLE FORMAT

Loc ation Contents

T DRANV

+1

+2

+3

+4

+5

+6

+7

+8

+9

+ i0

+ ii

+ 12

+ 13

+ 14

X Coordinate

Y Coordinate

Z Coordinate

Floating point
Velocity in X direction

Velocity in Y direction

Velocity in Z direction

Time; Fixed point units refer to + 9

1) TNINT1 if integration t.able desired
2) TNINT2 if re-entry table desired

Time stepping interval (integer); units refer to+ 9

1) If bit position 35 = 1, interval is seconds
2) If bit position 35 = 0, interval is minutes

1) length of time to integrate backwards (integer)
2) zeros if no backward integration desired

1) length of time to integrate forward
2) zeros if no forward integration desired

1) zeros; use N4DRAG program
2) _ zero; do not use N4DRAG program

1) + 1, _ and V in output table
2) zero; _ values only in output table

n number of integration steps per outpuL
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TABLE 4-5. TDPRNT TABLE FORMAT (Sheet1 of 2)

Location Contents

Word #1 Table 000000 0000XX
(where XX is the number of stations giving data)

TDPRNT +1

AR+2

+3

+5 AV

+°i

+8

+9

+11 1+ 12

+13

I
+41

I.
+56

Sigma: standard error of fit

K_ 1

K 0

S_ 1 (Se Q_-I ) 2

_=4 (Se _ 12

Internal Station Numbers

Equations per station

1st Edit (in the same order as station numbers)

2nd Edit
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TABLE 4-5. TDPRNT TABLE FORMAT (Sheet 2 of 2)

Loe ation Contents

TDPRNT +57

+72

+86

+901

+92 i

3rd Edit

Residual/M

A,E,I

R

V

+96 GMT associated with above R,V vectors in fixed

point seconds.

Note: If the first word in the above table is 0, no information will be printed.
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4.13.3 Method

The following discussion pertains to the comparison and acceptance of a

new solution {position and velocity vectors).

Assume that a solution exists at the last "anchor point" and that anew
solution has been obtained at the new "anchor point". The question is: Should

the new solution be rejected because it is less reliable than the former one7
Each solution has a "standard deviation" or "probable error of unit weight"

and each unknown has a weight, Qi' defined by

probable error of Wi= [Wi_= [unit weight] _f-_i = (Standard deviation)

Read: LFXij] as "the probable error of X.".I

Now the accuracy with which any position can be predicted is

6()2 I]2_ i=1 8Wi

In the present case, the independent variables, W i,

and Vo. Since, approximately,

(ti)= firo+ giV-'o and p-= _-R

are the components of
O

then, at the new "anchor point" [R] = 0

[_] 2 =[p] 2 = (Q1 + Q2 + Q3 ) (S'E')2

However, this is independent of IV o ] , because go = 0. The following criterion

is used which implies that f = 1 = g, namely

6 6

2,s" (Ko E')o X Qi = ]_ Se
1 1

During orbit, this is a figure of merit associated with the most recent solu-
tion which characterizes the qualityofthepredictions at a time which is approxi-

mately fifteen minutes later, than the most recent "anchor point", i.e., t i = t o

+15 min. In the re-entry phase, we chose t i=t o , g=0. This gives the form

2= Se
K° 1
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Using the same t i, a figure of merit is now derived from the solution at the

last "anchor point" to be compared with K ° above. For this purpose assume

that an observation has been made at t i, and we would then be obliged to com-

pute the Equations of Condition at this point. In the course of such a calculation,

the following would be derived:

a_= [Aij ] , a (3x6) matrix.

Then let

This

6

K21 = (S.E.)21 Z
j=l

represents [ _'1 2

A 2 2 )lj + A2j + A3j Qj

at t i, based upon the previous solution. Therefore, if

K° > b K_I, the new solution is rejected where "b" is some factor for determ-

ining convergence.

4.13.4 Usage

a) Calling Sequence

a TRA DODIFC

DODIFC returns control to Monitor at location MFDIFC.

b) Space Required

526
10

c) Error Returns

If an error occurred while processing a single observation at t i, the

observation t. is neglected and the program attempts to continue. In1

all other cases, DODIFC exits with an indication of a rejected correc-

tion but no printing will result on-line (TDPRNT 0).

d) System Constants

KOZERO DEC 0 Fixed point 0

KM0000 MZE Fixed point minus 0

K00001 DEC 1 Fixed point 1

K00005 DEC 5 Fixed point 5
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K00018

K00030

K00060

K00090

K000.5

K0060.

K01.E3

K00.SH

KCH233

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

OCT

18

3O

6O

9O

0.5

60.

1000.

•12394486E-2

233000 000000

Fixed point 18

Fixed point 30

Fixed point 60

Fixed point 90

Floating point. 5

Floating point 60.0

Floating point 1000.

MC 105

e) Tables:

TAWTPC

TCORBP

TD2SSM

TDEQCT

TDFNDC

TDNIET

TDNOBR

TDRANV

BSS

BSS

BSS

BSS

PZE

PZE

BSS

SYN

88

16

15

24

- = No K-I calc.

+ = calc. K-I

10

KLAMDO + 1

Weighted partials maximum
number of locations =

C(K0000N) * C(K000MB).

Near circular orbit parameter
functions.

Sum (DF**2)/M for each sta-
tion.

The partial coefficients•

Indicator to stop K-I calcula-

t i o n and comparing during
numeric al differential correc-
tion method.

C(TNETIM - [2(TNINT2 + 1)]
in re-entry.

Number of observations proc-
essed for each station in dif-
ferential correction interval

in re-entry.

15 locations of numerical in-

tegration input block.
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TDTIMT

TDTOBS

TEQCIN

TFESAB

TLSSSE

TMRARF

TMSTCH

TMSTMS

TN4NEX

TNDC IN

TNEARM

TNETIM

TNINT1

TNINT2

TNOMFS

PZE

PZE

BSS

PZE

BSS

BSS

BSS

BSS

PON

PZE

PZE

PZE

BSS

BSS

BSS

27

17

15

37

15

2200

1800

15

Indicator to calculate value

for end of numerical integra-
tion table.

Time ofobservationfixedpoint
seconds; re-entry.

Intermediate input or output
block.

First second after burnout in

fixed point.

Solutions to least squares, SE,
SE of elements.

Input table for numerical in-
tegration for first time in re-
entry.

Reference table for station
characteristics table.

Reference to radar message
blocks.

Not zero = stop numerical in-

tegration at 60,000 ft. Zero =
continue numerical integra-
tion.

Zero = DIPCDC, not zero =
numerical differential correc-

tion method for partials.

Anchor point for re-entry in
fixed point seconds.

Time of last entry in numeri-
cal integration table.

Orbit integration table.

Re-entry integration table.

Number of observations de-

sired from each station re-

porting.
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f)

TNSCOR

TNUMNI

TODCHC

TPWTDF

TRVTAP

TSTWTS

TSVSE E

Constants

KOSWTR

KOSWTA

KOSWTE

K00TOB

KRVECX

KRVECY

KRV EC Z

DEC

PZE

PZE

BSS

BSS

BSS

BSS

SYN

SYN

SYN

SYN

SYN

SYN

SYN

1, 1, 1, 2, 2, 3, 4, 5,

0

11

13

33

6

TEQCIN BSS

TEQCIN

KOSWTR + 1

KOSWTR + 2

KOSWTR + 3

K00TOB +1

K00TOB +2

K00TOB +3

6, 6, 7, 7, 8, 9, i0, ii, ii, 2, 2

Test for all 6 tables set up
for numerical differential cor-

rection(0 = not use numerical
differential correction, 6 = all
set up).

Time at 450,000 ft. used by
differential correction with

minutes in the address, sec-
onds in decrement.

W (DF) maximum number of
locations (K000MB).

Anchor point block (see SYN
cards for format).

Weight word table.

Se.- the six standard errors of
]

the elements saved from the

previous correction.

27

Square root of station weight
for R.

Square root of station weight
for A.

Square root of station weight
for E.

Time observed.

R X

Ry

R z

4-91



MC 105

KSTC HL

KTSUBI

K00ROB

K00AOB

K00EOB

KVVECX

KVVECY

KVVECZ

K00 DRC

K00 DAC

K00DEC

KMATRX

KCCNTR

KSRIND

KRESID

KD2CNT

KD2SUT

KDCSTT

KCDRMI

KOLSMB

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

K00TOB 4

KOSWTR 8

KOSWTR + 9

KOSWTR + 10

KOSWTR + 11

KOSWTR + 12

KOSWTR +13

KOSWTR + 14

KOSWTR + 15

KOSWTR + 16

KOSWTR + 17

KOSWTR + 18

TDCCNT

TDCCNT

TDCCNT + 1

TDCCNT + 2

TDCC NT + 3

TDCCNT + 4

TDCCNT + 5

TDCCNT + 6

TDCC NT + 7

Location of the station charac-

teristics block for station pro-
cessed.

t. in Mercury units (floating point)1

Range observed.

Azimuth observed.

Elevation angle observed.

V X

Vy

V Z

Calculated range.

Calculated azimuth.

Calculated elevation angle.

M matrix (uses 9 locations).

BSS 24

Counts number of times in large
loop.

Minus sign-no new station came
in.

Indicates type of residual check.

Indicates 1st time in D2SSMT.

Indicates 1st time in D2SUNE.

Indicates 1st time in D2WEQT
-set = 1.

Indicator for D3CDRM - set = 1

for each station processed in
interval.
Contains location of station

message block.
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K0NDRM

K0000N

K00MCT

KOSUMM

KSUMWT

KDFSQU

KSAVSE

KSEMPY

KINTIM

KRETBL

KTOTLM

KTDFSQ

KINSDF

KSUBM1

KSAVK0

KNEWK0

KLASTS

KSAMES

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

SYN

TDCCNT + 8

TDCCNT + 9

TDCCNT + 10

TDCCNT + ii

TDCCNT + 12

TDCCNT + 13

TDCCNT + 14

TDCCNT + 15

TDCCNT + 16

TDCCNT + 17

TDCCNT + 18

TDCCNT + 19

TDCCNT + 20

TDCCNT + 21

TDCCNT + 22

TDCCNT + 23

TSETCT

TSETCT

TSETCT +1

Number of observations to be

taken from each station.

Number of partials, 6.

Number of equations bound for
D2SUNE.

Total number of equations for
least squares solution.

Sum of the weights.

Sum (DF) squared.

Saved from previous correc-
tion standard error.
SE times residual check fac-

tor.

Location to index TMORES

table for D2WEQT.

All equations from stations in

interval using all observations
not just desired.

Sum W (DF) squared for sta-

tion in interval using all ob-
servations not just desired.

Indicator to D2WEQT to cal-
culate residuals.

K_ 1

K 0 from last correction.

K 0

BSS ii

Factor for K_I comparison.

Factor for K 0 comparison.
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KWTIND SYN TSETCT+ 2 Zero - use D3WTLU (weight
table).

KNOBBD SYN TSETCT + 3 Total number of observations

desired from station.

KCPRVI SYN TSETCT + 4 Zero = RV

K000MB SYN TSETCT+ 5 Upper bound of TPWTDF
block.

KCCNBD SYN TSETCT+ 6 Desired number of times for
differential correction edit

loops.

KSEFTR SYN TSETCT +7 Residual check factor in float-

ing point.

KTIMAH SYN TSETCT +8 Number ahead to calculate

K_ 1.

KPERST SYN TSETCT +9 Number of integration steps

output interval.

KRDELT SYN TSETCT+ i0 Output interval for numerical
integration.

KDCBND SYN TSETCT +Ii Bound for number of differen-

tial corrections per station.

4.13.5 Checkout

The DODIFC program has been operating in the Mercury Program System
since February, 1961.
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ICORRECTION AFTER EACH TABLE
HAS BEEN SET UP

(TNINT3-8), TO GET INPUT "'_"

FOR NEXT FROM R2AINT "''_

/ .AVEALL,TABLES\_ES/ s_s REENTRYw_.\ I
/ r_l=l=lu _a=T IJP _nD _ _ NUMERICAL DIFFERENTIAL_ J

............. CORRECTION METHOD_

\ CORRECTION METHOD? / \ " - /,,_1
NO _ NO

I/ IS THIS THE FIRST \
un/DIFFERENTIAL CORREC-_
''/ TION USING NUMERICAL |
---_ DIFFERENTIAL CORREC- / (_

YES

SET NUMERICAL

DIFFERENTIAL
CORRECTION

NUMERICAL
INTEGRATION

INPUT (R2AINT)

t
SET K.1 TO LARGE NUMBER

TO FORCE ACCEPTANCE
OF FIRST DIFFERENTIAL

CORRECTION BELOW

450,000 FEET.

-
I SANELUTcMCoE_NR_cLOTI_o_Fi!iE_DI' MON'TOR FOR ',_' NU'ER'CAL ,

NUMBER OF OBS. SELEC- J

[TED AND ANCHOR
POINT SET UP

ON LAST

TIME THROUGH •

SAVE C(AC)
INDICATOR FROM

MONITOR TO SHOW

1ST OR SUCCESSIVE
DIFFERENTIAL COR-
RECTION AT A STA-

TION C(AC) = KSRIND

1
DIFFERENTIAL

CORRECTION ,-'_f

BE FORCED?
MCFRDC= MINUS j

MONITOR INDICATOR_

f

•1

,/

NO YES

SET KCCNTR = 0
TO COUNT NUMBER OF

INNER LOOPS IN
SECTION 2.

DIFFERENTIAL CORRECTION
IS FORCED BASED ON

CELL MCFRDC IN THE
FOLLOWING CASES:

(1) FIRST DIFFERENTIAL COR-
RECTION STARTING IN
ORBIT

(2) FIRST DIFFERENTIAL COR-
RECTION STARTING IN
RE-ENTRY

(3) FIRST DIFFERENTIAL COR-
RECTION AFTER ANY
RESTART.

(1) SET CELL KSUBM1 TO LARGENUMBER TO FORCE

DIFFERENTIAL CORRECTION

(2) INITIALIZE CELLS FORSTARTING

IS THIS FIRST DIFFER-
ENTIAL CORRECTION )AT A STATION ?

KSRIND = + (]

FIGURE 4-13 DODIFC PROGRAM FLOW CHART (Sheet 1 of 4)
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©

4-96

t a IS ROUNDED TO

FALL ON AN EVEN

TIME STEP OF THE

TNINT2 RE-ENTRY

r TABLE.

'1+,I%ERE
ta'= ROUNDED t a

tb = TFESAB(TIME BURNOUT)
At= KRDELT- NUMERICAL

INTEGRATION TIME STEP

YES

!

:ETuPI
ANCHOR J

_OINT FORJ

RE-ENTRY J
ta' ra' Va I

I

CALCULATE DESIRED

NUMBER OF OBSERVATIONS

BY WEIGHT TABLE

( D3WTLU )

K-1 I-

IF NEEDED

CALCULATE

(KSUBM1)

A

ORBIT PHASE?

MCNRRF= 0 /

YES

SET UP ANCHOR

POINT BLOCK

• CAANP)

IS ta_< TIME /

AT 450,000

FEET BASED ON

NUMERICAL

INTEGRATION?

NO

t

CALCULATE\ORBITAL ELEMENTS ]

(D4CFRV) J

K.1 IS CALCULATED THE FIRST

TIME AT A NEW STATION IN

ORBIT AND RE-ENTRY ABOVE

450,000 FEET.

V/_j= 5 (A li 2 + A2i2 + A3i2)(Sei)2K'I= 1

WHERE:A= PARTIALS ATt
O

+ C(KTIMAH)

KTIMAHISZEROIN RE-ENTRY

Sei= Se OF ELEMENTS AT LAST

CORRECTION

TRVTAP BLOCK:

THE ANCHOR POINT, CONSISTING OF

ta' _-a' V-a FOR A DIFFERENTIAL

CORRECTION IS OBTAINED BY

SELECTING THE }', _- FROM THE

INTEGRATION TABLE AT %, WHERE

t a IS THE TIME OF MINIMUM AP-

PROACH OF THE STATION MOSTALONG

IN THE ORBIT (AS DETERMINED BY

FIRST LOCATION OF TMSTMS).

THEREFORE, EVERYTIME ASTATION
COMES IN FARTHER ALONG IN THE

ORBIT, A NEW ANCHOR POINT IS

SELECTED. t o IS ROUNDED TO THE

NEAREST WHOLE MINUTE SO THAT

IT WILL FALL ON AN EVEN INTE-

GRATION STEP IN THE TNINT1

ORBIT TABLE (SEE FORMAT: STOREC

EVERY MINUTE): THEREFORE, NO

INTERPOLATION IS NEEDED.

FIGURE 4-13 DODIFC PROGRAM FLOW CHART (Sheet 2 o[4)
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®

?
I SET CONTROLS AND t

INITIALIZE FOR ...
INNER LOOPS

i= 1 (LOOP NUMBER}

J SET CONTROLS FORONE STATION(SR _

MESSAGES ARE SELEC-
TED ONE AT A TIME.

OUTPUT FROM
D3CDRM IS

Tob, Rob, Aob, Eob

DESIF
RADAR MES-

SAGES FROM THE

STATION SR

(D3CDRM)

1ST INNER LOOP

ALL MESSAGES FROM STATIONS, AS
DETERMINED BY SELECTION BASED ON

WEIGHT TABLE, ARE ACCEPTED INTO
THE SOLUTION, OBTAINING FROM THESE

Se i (WHERE i= LOOP NUMBER)

FOLLOWING INNER LOOPS (EDITS LOOPS)
(1) MESSAGES ARE AGAIN PROCESSED, BUT

PARTS OF MESSAGES MAY BE EDITE.D
OU__TIF THE RESIDUAL FOR ITS EQUA-
TION OF CONDITION |S GREATER THAN

Sei. 1 MULTIPLIED BY SOME FACTOR

(SEE D2WEQT FOR BASIS FOR EDITING
EQUATIONS).

(2) NUMBER OF EDIT LOOPS IS DETER-

MINED BY A PRESET COUNTER(KDCBN{_

INTERPOLATEFORrTob --\ I
AT (OF OBSERVATION_ ALL

(U71NTP) J

,.o/ \

A L C U iR_I}EDNc_: T 'A L S_l T ETSTOTNISc_N:DToCOR_ PARTIALS BY,

ANALYTIC METHOD/

(D1PCDC} /

t

F EDIT LOOP PERFORM RESIDUALTESTJ

(D2WEQT) J

ADD EQUATIONS OF CONDITION TO

NORMAL EQUATIONS
(D2SUNE)

MESSAGES FROM STATION SR

HAVE BEEN PROCESSED

AVERAGE RESIDUA_ t

FOR STATION SR }

(D2SSMT) /

r

ARE THERE ANY MORE

STATIONS TO BE

PROCESSED IN D.C.
INTERVAL?

_ YES

R=R+I

FOR SR

FIGURE 4-13 DODIFC PROGRAM FLOW CHART (Sheet 3 0/'4)
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FOR ORBIT:

K0 = _,_e'ej 2 (j = 1,6)

FOR RE-ENTRY:

K0 = V/'-_ej 2 (j = 1,3)

J WHERE b FACTOR ISKSAMES
|

I

I

(_b (KO(n-1)) : KOn
>

JlNDICATE TO REJECT

I CORRECTION, NO
J INTEGRATION. WAIT
l FOR MORE DATA

J C(AC) = + I

INDICATE TO ACCEPT

CORRECTION. INTEGRATE
AND RETURN FOR ANOTHER

D.C. WITH SAME DATA.

FIGURE 4- 13.

?
EQUATIONS .....

D2SLNE

t

F FIT AND ELEMENTS /" ....

D2CSFE /

: t

,, (TESTFORLASTL_P:'_I KCCNTR = / ;-
I KCCNBD /

' 1I
I

t

I SETUPTDPRNTJIOUTPUT FOR ON-LINE

I J PRINT

i
YES

_--( IS THIS 2ND (OR MORE)

D.C. AT STATION OR
/ \LATE REPORTING STATION_/

_NO

AX, Ay .... A_'

i=i+ 1

( KCCNTR =
KCCNTR + I)

NO K_ 1 COMPARISON

BELOW 450,000 FEET
"a" FACTOR IS INCREAS-
ED TO RELAX ACCEPTANCE

CRITERION

LATER STATION AFTER 1ST D.C. _ K0(n- 1) /450t000 FEET? a( ) : K0n

t.o

WHERE "a" FACTOR IS _ v v

KLASTS _ z

/f /NO. OF DC FOR_YES
, < _.J ONE STATION

) -__- I _ - BOUNDI _"
(KDCBND) /

('_l ADD CORRECTIONS TO r, v. I I \ [NO _-_

_rJl SET REMAINING NUMERICAL I I> F! INDICATETO
I/I INTEGRATION INPUT. J . !"-" .J ACCEPT CORREC-

I / 11 / i n 1,_L TION, PERFORM
ISTHIS FIRST D.C. AT A __.I'5(K 0' " '):_I_.INTEGRATION BUT

I YES\ STATION? KSRIND = + /NO_ K^ n l< DO NOTRETURNFOR

j \ u / " ::)CWITH SAME DATA
c (AC) = 0

DODIFC PROGRAM FLOW CHART fSheet 4 of 4)
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4.14 CALCULATE FUNCTIONS OF _ ANDV PROGRAM (D4CFRV)

The purpose of the D4CFRV program isto calculate the quantities (functions

of r, r¢)from a given set of capsule position and velocity values. The flow chart

for D4CFRV is shown in Figure 4-14.

4.14.1 Input Requirements

This program uses three library subroutines UISQRT, U3XPR0, and

U3DOTP. The following inputs requirements to the D4CFRV program are in

floatingpoint.

KRAVC1 The X coordinate

KRAVC2 The Y coordinate

K_RAVC3 The Z coordinate

KVAVC1 The velocity along the X axis

KVAVC2 The velocity along the Y axis

KVAVC3 The velocity along the Z axis

4.14.2 Output Requirements

The output of the D4CFRV program consists of the following (infloating
point):

KASUBO

KKMESQ

KRABSL

KVABSL

KECCEN

KNSUBO

KRVECI

KREVC2

a0

2
1-e

_/X 2 + y2 + Z2

CVX2+ Vy 2 +VZ 2

e

-3/2
a 0

Large R vector

Large R vector
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KREVC3 Large R vector

K.RTPO _/P

4.14.3 Method

The following equations are used by the D4CFRV program:

l_0l = (X2+ y2+ Z2 ) 1/2

[VO[ = (VX2+Vy2+ VZ2)1/2

r 0
a0 = 2

2 - r 0 v 0

2
e (a0r0a0

- 3/2
NO = a0

"J--P-= ¥o XYo]

: 7ox vo

Jp

D4CFRV is accurate to seven significant digits.

4.14.4 Usage

a) Calling Sequence

a TSX D4CFRV, 4

a + 1 Error return

a + 2 Normal return

b) Space Required

147 locations excluding locations for library subroutines

(i)

(2)

(3)

(4)

(5)

(6)

(7)
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c} Constants Used

K001.0 DEC 1.0

K002.0 DEC 2.0

d} Eraseable Locations

TEMD4 through TEMD4 + 9

e} Timing Required

12.9 milliseconds

4.14.5 Checkout

The D4CFRV program was checked out by comparing its output with results
of hand computations and with the output from the COG program.
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MIRK

CALCULATE

IVol
BYUS,NGEQUAT,ON1

MORT

I CALCULATE

IVol
BY USING EQUATION 2

TORT

CALCULATE

A0

BY USING EQUATION 3
i

MITE t

I CALCULATE

2
e

BY USING EQUATION 4

TORT +15 _

CACULATE

N O

BY USING EQUATION 5

MITE

CALCULATE

BY USING EQUATION 6

MITE +32

I CALCULATEBY USING EQUATION 7

FIGURE 4-14. D4CFRV FROGRAM FLOW CHART
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4.15 PARTIAL COEFFICIENT CALCULATION PROGRAM (DIPCDC)

The purpose of DIPCDC is
equations of condition that arise

DIPCDC is shown in Figure 4-15.

to compute the partial coefficients for the
from one observation. The flow chart for

4.15.1 Input Requirements

DIPCDC uses five library subroutines:

a) UiSQRT--square root

b) U3DOTP--vector dot product

c) U3MATM--matrix multiplication

d) U3XPRO--vector cross product

e) UiSICO--sine/cosine

The following parameters serve as input to the DIPCDC program.

KRAVCI I

KRAVC2

KRAVC3

(Anchor point r vector)
a

KVAVCI !

KVAVC2

KVAVC3

V
a

(Anchor point v vector)

KRVECX I

KRVECY

KRVECZ

r
c

(r vector computed)

KMATRX

KASUBO

KKMESQ

M Matrix

a 0

2
1 - e0

(3 x 3, 9 locations)

semi-major axis

1 - eccentricity squared
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-3/2
KNSUBO no a0

KRVEC3 cos i0 i0 = inclination

KTSUBO T a Anchor point time (floatingpoint,Mercury
units)

KTSUB1 Ti Time observed (floatingpoint, Mercury
units)

KRABSL r absolute value of
a

AAA A Azimuth (K00DAC)

HHH E Elevation (K00DEC)

ROW R Range (K00 DRC)

JAAA J =.00162348 constant

4.15.2 Output Requirements

The following data is outputted by the D1PCDC program:

TDEQCT 18 partial for differential correction.

4.15.3 Method

The following equations (from the Computation of Orbits by Dr. P. Herget)

are used with the DlPCDC program:

x V (i)
a a

(rex Va) (ra x Va)
f = (2)

(ra x Va) (_a XVa)

r 2 (_ Va)- (_a _ ) (r r )
g = a c a c a (3)

(rax _a) (_a x _a)

F = r (l-f) (4)
a
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G __

g-F
a -)V

a

r
a

T=t.-t
1 O

L = (3T-g-Gra) / r i

(5)

(6)

(7)

p3 = (a/r a) (GL- 2F)

P2 = I(F/ri)G 1 /r 0

Pl = { I(Gra) /ri 1

("1' "3)

q3 = a(3g- 3T + FL)

q2 = F2/ri

ql = q3/r0 3 + P2

G +P3 +F
/ra3

(8)

(9)

=Cql ' q2' q3)

df = PY, dg= q Y (i0)

where Y=

dr =

IO

To

0

(!of

0

oo)r0 ; a (3 x 6 Matrix)
0 = (0, 0, 0)

v 0

0 0 g + V0 dg

fO 0

(ii)
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RAD =

Cos E Sin A,

C--2°R-A--'

Sin E Sin A ,

\

Cos E Cos A, Sin E \

)

- Sin A
R O

- Sin E Cos A Cos E
R ' R

J T

(12)

(13)

B

COS _: Sin G 0 )-So:5 cosS0 01
(14)

A= [ (RAD)M ]

Calculate A (dr}

B (15)

(16)

4.15.4 Usage

a) Calling Sequence

a TSX

a +1

a +2

b) Space R4quired

292 locations

+ 100 Temporary Locations

+ 22 K Locations

+ 18 Location table

+ Subroutines

K Locations needed

KTIMTO PZE

K001.0 DEC

(T i - Ta) in floating point, Mercury Units.

1.0

DIPC DC, 4

Error in U1SICO

Normal Return
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K002.0 DEC 2.O

K003.0 DEC 3.0

plus the constants used in input and output.

c} Timing

141.3 milliseconds

4.15.5 Checkout

Checks on this program were made to 8 decimal places. Accuracy was

exact except in a few instances where the value was off in the eighth place,
probably due to rounding.
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FIND VALUE i
OF EQ. (1) AND

STORE IT.

/
SOLVE EQ. (2} AND (3) J

FOR f AND g, l
1

SOLVE EQ. (4)
FOR F.

SOLVE EQ. (5) AND (6)
FOR G AND T

1
SOLVE 7 EQ. (7)

FOR L

1
SOLVE EQ. (8)FOR

P3' P2' P]
AND F

SOLVE #9 FOR

q3' q2' ql

AND q

SOLVE #10 FOR

df AND dg.

SOLVE #11 AND
12 FOR dr AND

RADAR MATRIX

(RAD)

I
SOLVE #13 FOR

Xl AND SET
UP #14 (B)

SOLVE #15

FOR A

FIND VALUE OF

A(dr) FROM
#16

FIGURE 4-15 D1PCDC PROGRAM FLOW CHART
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4.16 DEVELOPMENT OF SIX NUMERICAL INTEGRATION OUTPUT TABLES
PROGRAM {R2AINT)

Given r and v at a time t during the re-entry of the capsule, set up six
a a a

new tables of predicted position vectors by perturbing the components of _ and
a

one at a time, by amounts AXa, hYa, AZa, AXa, AYa, h Za, andVa , integrating

backward from time t a to time t.1 preceding the first second following burnout of

the retrorockets and forward to 60,000 feet for the first table. The length of the
first table is determined and the remaining five tables are set up to integrate
forward the same amount of time as the first table. The flow chart for R2AINT

is shown in Figure 4-16.

4.16.1 Input Requirements

The input to the R2AINT program is from the following locations:

a) A six word block, TRVTAP + 1, in the following format.

TRVTAP+I X a in floating point Mercury units.

+ 2 Ya in floating point Mercury units.

+ 3 Z a in floating point Mercury units.

+ 4 Xa in floating point Mercury units.

+ 5 Ya in floating point Mercury units.

+ 6 Za in floating point Mercury units.

b) A location, TNEARM, which contains the anchor point time, ta, in

fixed point seconds and corresponds to the ¥ and_ found in the
a a

TRVTAP + 1 table. R2AINT assumes that the anchor point has been

chosen at an integration step in the re-entry integration table.

c) A location, TN4NEX, is set equal to non-zero for the first table so as

to integrate down to 60,000 ft. For the remaining 5 tables, TN4NEX is
set equal to zero so as to assure integrating forward the amount of
time specified in location TNNDCI + 11. {Time to integrate forward.)
For either case TN4NEX must be set equal to minus to avoid storing
over output information in TMORES. The above indicators are set for
the N4DRAG, a subroutine of NOCPNI.
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d) A location, TNUMNI, set to zero for the first entry to R2AINT.

R2AINT steps TNUMNI by one each time a perturbed re-entry table
is set up until six such tables have been set up. The differential cor-
rection program resets TNUMNI to zero.

e) A location, TFESAB, containing the time at the first second after
burnout in fixed point seconds.

4.16.2 Output Requirements

The output of R2AINT is a 15 word block, TNNDCI, which is used as input
to the numerical integration program NOCPNI to set up six new tables TNINT3,
TNINT4 ...... TNINIT8. Each table is a block of at least 112 locations as fol-
lows:

TNINT3 Indication of time units

+1

+2

Integration step

Starting time of table

Fixed Point

+3 Ending time of table

+4 R
X

+5 R
Y

+6 R
Z

+7 R
X

+8 R
Y

g

+9 R
Z

Etc.

Floating Point
Mercury Units

4.16.3 Method

R2AINT calculates the time interval for backward integration as follows:

ta-tob = N + remainder

6O

where

t = anchor point time
a
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tob = first second after burnout

N = number of minutes to integrate backward

then

{N + 3) 60 = number of seconds to integrate backward

The integration tables extend beyond the first second following burnout to in-
sure that six point Lagrangian interpolation can be performed to calculate • and
V for any observation time occurring after the first second following burnout.

The six integration tables are generated using as starting values:

X a + AX, Ya' Za' :_z' Ya' Za at time ta

Xa' Ya + AY, Za, IZa, _'a' Za at time t a

Xa' Ya' Za + AZ, Xa' 7_a' Za at time t a

Xa' Ya' Za' _;a + h:_, Ya' Za at time t a

Xa' Ya' Za' 1_a' Ya + A'_, Za at time t a

Xa' Ya' Za' Xa' Ya' Za + AZ at time t a

4.16.4 usage

a) Calling Sequence

TRA R2AINT

When the 15 word block has been set-up, R2AINT sets the accumula-
tor = -0 and puts a 1 in the P- bit and transfers to Monitor location

MFDIFC which calls in the integration program {NOCPNI).

b) Space Required

a) 6 tables 67210

b) Program less constants 7410

c} Constants Required

K00000 DEC 0
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K00001 DEC 0

K00001 DEC 1

K00003 DEC 3

K00060 DEC 60

KM0000 DEC -0

KPERST EQU TSETCT + i0

KRDELT EQU

d) Tables Required

TN4NEX PON

TFESAB PZE

TNEARM PZE

TNNDCI BSS 15

TNUMNI PZE

TRVTAP BSS 13

TNINT3 BSS 112

TNINT4 BSS 112

TNINT5 BSS 112

TNINT6 BSS 112

TNINT7 BSS 112

TNINT8 BSS 112

4-112

TSETCT+9

Number of integration steps

per output

Output interval for numerical

integration

Indicator for drag program

(N4DRAG)

First second after burnout in

fixed point seconds

Anchor point in fixed point
seconds

15 word input block to

numerical integration pro-

gram (NOCPNI)

DODIFC tests for all sixtables

Input block

Perturbed X table

Perturbed Y table

Perturbed Z table

Perturbed X table

Perturbed i/table

Perturbed Z table



MC 105

TPA.RX

+i

+2

+3

+4

+5

DEC

DEC

DEC

.00001
DEC

DEC

DEC

This value can vary

e) Monitor Communication Cell Used

MFDIFC Exit of R2AINT to perform numerical integration

f) Timing

Computer running time for the R2AINT program is 327 microseconds.

4.16.5 Checkout

R2AINT was checked out with the R1NDCP program using actual test data
supplied by NASA,
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4.17 NUMERICAL DIFFERENTIAL CORRECTION PROGRAM (RINDCP)

This program computes by numerical means the eighteen partial derivatives

appearing in the three equations of conditions arising from an observation.

RINDCP utilizes the six integrationtables set up by the program R2AINT. The

flow chart for RINDCP is shown in Figure 4-17.

4.17.1 Input Requirements

RINDCP uses two library subroutines: UAILSC, U71NTP and Vanguard

program INTP3 adapted for use as aclosed subroutine within RINDCP. The input

to RINDCP includes the following:

a) A five word block beginning at location K00TOB.

K00TOB SYN

+2

+3

+4

TEQCIN + 3 Time of the observation

minutes in the address, seconds
in the decrement.

Used by RINDCP for temporary storage.

station identification

b} The computed range, azimuth and elevation of the capsule relative to
the specified station at the given time of the observation based on the
latest re-entry table.

K00DRC SYN TEQCIN + 15 R
c

K00DAC SYN TEQCIN + 16 A
c

K00DEC SYN TEQCIN + 17 E
c

c) The six perturbed integration tables generated in the program R2AINT.

d) TDTOBS BSS 1 Time of the observation in seconds

e) TNETIM BSS 1 Time in fixed point seconds of the last
entry in the last of the six re-entrytables
of predicted position.

4.17.2 Output Requirements

Eighteen partial derivatives are computed and stored beginning in location
TDEQCT in the following order.
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b R bR bR b R bR b R bA 8 A bE bE

bX' bY' bZ' b:_' bY' bZ' bX bZ' bX bZ

4.17.3 Method

In addition to the latest re-entry trajectory, there are available to the

R1NDCP program six integration tables which have been generated by perturbing

the position and velocity vectors at the latest anchor point Ya and V a by amounts

AXa, Ay a ..... hZa, respectively. Let I represent any one of the variables X,

bR bA bE

Y, Z, :_, Y, Z. The partials bI , }b I , _I ' are calculated as follows. From the

integration table generated by perturbing the I component of r a or v a by the

amount AIa, compute the range RI, azimuth AI, and elevation E 1 of the capsule

relative to the given station at the specified observation time. Then

})R R I-R C })A A I-A C })E E l- E C

_3 I AI a ' })1 AI a ' })1 AI a

where Rc, Ac, Ec, are the computed range, azimuth, and elevation, respectively,

based on the latest predicted re-entry trajectory.

To calculate by 6 point Lagrangian interpolation for an observation time

which occurs within the time interval t L - 2At to t L where At is the time inter-

val at which entries are made in the 6 NDC integration tables and t L is the time

of the last entry in the numerical differential correction table. R1NDCP ignores

any observation at a time greater than t L. If an observation time falls between

t L - At to t L - 2At orbetweentLto t L- ,_tthe Vanguard program INTP3 is used.

The followingtests for discontinuity in azimuth near 360 ° are made prior to

computing
A I - A c

AI
a

A I < 90 °, A c > 270 ° Compute

A I +2_ - A c

AI
a

A I < 90°, A c _<270 ° Compute

A I - A c

AI
a

A I _<270 ° and _>_90° Compute
A I - A c

AI
a

4-116



MC 105

A I>270 °, A c>--90°

A I>270 °, A c<90 °

A I- A c

Compute A I
a

A I - (Ac + 2r0

Compute AI
a

R1NDCP can only be used with integration tables that store only _ vectors.

4.17.4 Usage

a) Calling Sequence

a TSX RINDCP, 4

a + 1 Error Return

a + 2 Normal Return

b) Space Required

19410

c) Error Codes

Error returns return to a + 1.

If the time is below t L program returns to a + 1.

d) Constants used

K00TOB SYN TEQCIN + 3

K00DRC SYN TEQCIN + 15

K00DAC SYN TEQCIN + 16

K00DEC SYN TEQCIN + 17

K004.0 DEC 4.0

K005.0 DEC 5.0

KO01.O DEC 1.0

K00001 DEC 1
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KCH233 OCT 233000000000

K00003 DEC 3

K00007 DEC 7

KOZERO DEC 0

e) Tables Used

TPA. RX BSS 6

TDEQCT BSS 24

TNINT3 BSS 112

TNINT4 BSS 112

TNINT5 BSS 112

TNINT6 BSS 112

TNINT7 BSS 112

TNINT8 BSS 112

TNETIM PZE

TDTOBS

f) Timing

PZE

amount to perturb the vectors by.

Output table

X perturbed table

Y perturbed table

Z perturbed table

perturbed table

perturbed table

perturbed table

Time of last observation of last re-
entry table.

Time of observation in seconds.

Timing for RINDCP is 458 microseconds.

4.17.5 Checkout

R1NDCP was checked out in the Mercury Program System using actual test
data supplied by NASA.
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CALCULATE

RI - Rc
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FIGURE 4-17 RINDCP PROGRAM FLOW CHART (Sheet 2 of 2)
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4.18 WEIGHT TABLE LOOKUPPROGRAM(D3WTLU)

This program sets up a table containingthe desired number of observations
relative to pre-set weights from each tracking station reporting for a given
interval. The flow chart for the D3WTLUprogram is shownin Figure 4-18.

4.18.1 Input Requirements

D

Input to the D3WTLU program is received from the following locations:

Symbolic Location Definitions

a) TMSTMS Table containing locations of station
message blocks in order of longitudinal

crossing (see 4.13.1, a).

b) TNSCOR Table to correlate station identification

numbers with station numbers for weight
table. The table is arranged in order of
station numbers with numbers for weight
table in address portion. (See constants
for actual values.}

c) StationMessage Blocks. (See 4.13.1, g)

d) KNOBBD - Total number of observations desired for a differential
correction interval.

e) TSTWTS Table containing weights of each station
prior to last station reporting (3/4 orbit),
Weights are in 1/16 with 9 (4 bits each)
in a word. Therefore, only 9 stations plus
the last one reporting can be processed
with this table. Each 4 bits from left to

right represents the weight for each
station prior to the last station reporting.
These are in descending order of longitu-
dinal crossing, (0101 = 5/16). Weights are
included for 3 passes, with weight words
for 11 separate stations on each pass.

4.18.2 Output Requirements

The output of the D3WTLUprogram is TNOMFS, atable containing number of
observations desired from each station reporting corresponding to the TMSTMS
table.
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4.18.3 Method

a) Use first location of TMSTMS to determine present station.

b) Use a) above and TNSCOR to obtain weight word location to TSTWTS.
Determine pass number.

c) KNOBBD minus the number of observations from the last station
reporting equals the remaining number of observations desired.

d} Number of observations for station j

Wj (KNOBBD - number of observations S1) _1 _Wm_

Wj (KNOBBD - number of observations S1)
EW +EW

r m

16 ZW r

since (EW r + _W m) = 16

= Wj (KNOBBD - number of observations S1)/_Wr

Where W r = Weights for reporting stations', Wm = Weights for missing
stations.

4.18.4 Usage

a) Calling Sequence

TSX D3WTLU, 4

a + 1 Normal Return

b) Space Required

26 locations

c) Constants Used

KOZERO PZE

KO0001 DEC 1

K00011 DEC ii

TDCLLT PZE Address of weight word used
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TDCLTB PZE TSTWTS-1 Base address for section of weight
table for each pass, initially set for pass 1.
It will be updated by the program.

d) Erasable Locations

TEMD3 - TEMD3 + 5

e} Timing

7.749 milliseconds {maximum)

5.688 + 240 T milliseconds, where T = number of reporting stations -1

4.18.5 Checkout

The D3WTLU was checked out by presenting different combinations of input

and checking output.
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4.19 WEIGHTING THE EQUATIONS OF CONDITION PROGRAM (D2WEQT)

The purpose of this program is to weight partial coefficients, compute and
weight right sides of equations of condition, and to test residual by comparison
with some check factor times standard error. The flow chart for D2WEQT is
shown in Figure 4-19.

4.19.1 Input Requirements

The D2WEQT program uses the sine/cosine library subroutine UISICO. The
following parameters are inputted to the D2WEQT program:

a) KDCSTT: set = 1 to initialize on first entrance

b) KRESID = -0 weight partials and right sides

+0 perform residual check and weight partials and right sides.

+1 compute and weight (dr); perform W(df)check

+2 weight partials according to results of W(df) check.

c) K0000N: Number of coefficients (fixed point)

d) KOSWTR: Square root of station weight for range

e) KOSWTA: Square root of station weight for azimuth

f) KOSWTE: Square root of station weight for elevation

g) KSEMPY: Standard error multiplied by residual check factor

h) K00ROB: Observed range

i) K00AOB: Observed azimuth

j) K00EOB: Observed elevation

k) K00DRC: Computed range

1) K00DAC: Computed azimuth

m) K00DEC: Computed elevation

n) K000MB: maximum number of equations that can go to normal equa-
tions block not including two extra locations for overflow.
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o) TDEQCT; Table with three sets of partial coefficients corresponding
to R, A, and E respectively.

p) TLSSSE: Solution of normal equations obtained from previous differ-
ential correction.

q) KRETBL: Location used in setting up intermediate TMORES table
with W (dr). Used only when KRESID = -0 or +1.

r) KINSDF: = 0: do not perform any checks or weight partials; only

compute ZW (dr) 2, ZM

0 : Perform normal calculations.

s) KTOTLM: Total number of equations; only when KRESID =-0 or +1.

t) KTDFSQ: ZW(df) 2

4.19.2 Output Requirements

The following parameters are outputted from the D2WEQT program:

a) K00MCT: number of equations to be used in D2SUNE (setting up nor-

mal equations)

b) KSUMWT: Sum of the weights that were accepted

c) TPWTDF: Block containing weighted (df); number in the block =

c(K00MCT)

d) TAWTPC: Block containing weighted partials;number in the block =

c(K00MCT) [c(K0000N)]

Total number of equations of condition

EW(df) 2 for all observations, even those not selected for

e) KTOTLM:

f) KTDFSQ:
interval.

4.19.3 Method

a) KRESID = 1 Go to (d)

Test Rob, Aob, and Eob as meaningful data

+0 ....0 1 indicates erroneous data

b) _ (Rob - Rc)= Wr(df)
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v_22(cos Ec) (Aob - Ac)=Wa(dF)

V_3 (Eob - Ec)= We(dF)

KRESID=+0 Go to (c)

KRESID=-0 Go to (d)

W (dF) Check

Wr(dF ) : KSEMPY (also for Wa(dF), We(dF))

If greater, indicate by +1 in DWDF test location and reject data

Exit from routine for W (dF) check

a + 1: all data rejected

a + 2: at least one W(dF) passed the test

c) Residual Test: (Residuals: KSEMPY)

If RI= V_ 1 (ai xi)-dF KSEMPY, R2 and R3 as above, data

is accepted.

where

a i = partials ; X i = corrections

d) Weight and store partials.

If any tests have been made, partials are rejected according to results
of tests.

e) Exit from routine is made as follows (except when W(df) check was
made, as shewn before):

a + 1 indicates that more weighted equations can be stored before add-

ing contributions to normal equations, therefore, at this point more
partials should be computed.

a + 2 indicates that blocks storing weighted equations are filled; there-
fore, go to set up normal equations.

f) If entrance was made on TSX D2WEQT + 1, locations are set as if re-
turn had been made to set up normal equations. Return is at a + 1. No
computation is performed.
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g) If KINSDF= 0, only EW(df) 2 and EM are calculated and stored in
KTDFSQ and KTOTLM respectively. Return is made to a + 1 (only one

return).

h) When KRESID =-0 (when no residual cheeks are made), KRETBL is
used in incrementing locations of TMORES table to set up an interme-
diate table of W(df) for all selected observations.

4.19.4

a) Calling Sequence

TSX D2WEQT, 4

a + 1 Return for partials

a + 2 Set up normal equations

b) Space Required

182 locations UISICO

c) Special Usage

TSX D2WEQT + 1 (re-initializes locations)

d) Constants

If performing [W(df) check] returns
in calling sequence indicate:

a + 1 get another observation

a + 2 compute partials

K0 ZERO PZE

K00001 DEC 1

K00003 DEC 3

e) Erasable Storage

TMPD2, TMPD2 + i, D2WDT, D2WDT + 2.

f) Timing (in milliseconds)

where p = number of equations that passed any type test (max. 3)

n = number of partials (6 or 8)

4-130



MC 105

No checks

a) .188 + p (1.248 + .324 n) + 2.3 for UISICO

b) maximum 14.108 msec including UISICO

W (clf)check

a) .24 + .624p + 2.3 for UISICO

b) maximum 4.532 msec.

Weight partials after W (df) check

a) .432 + p (.72 + .324 n)

b) maximum 10.378 msec

Residual check

a) 188 + p (1.428 + .66 n) + 2.3 for UISICO

b) maximum 22.712

TSX D2WEQT + i, 4

a) .12 msec.

4.19.5 Checkout

D2WEQT has been successfully checked out using all cases listed in 4.15.3,
Method.
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4.20 CHOOSE DESIRED RADAR MESSAGE PROGRAM (D3CDRM)

This program chooses the desired number of radar messages from the sta-

tion block and stores time, range, azimuth, and elevationfor each message start-

ing with the earliest message. The flow chart for D3CDRM is shown in Figure
4-20.

4.20.1 Input Requirements

The following parameters serve as input to the D3CDRM program:

Symbolic Location

KOLSMB SYN

K0 NDRM SYN

KCDRMI SYN

StationMessage Block

Y

Y+I

Y+2

Y+3

Y+4

Y+5

Y+6

Y+ 7---Y +10

Definition

TDCCNT + 7
Address contains location of first word of sta-

tion message block.

TDCCNT + 8

Desired number of radar messages.

TDCCNT + 6

s, 1-34 bits all zeros. Bit 35 = 1 first time

through D3CDRM, = 0 all subsequent times
through D3CDRM.

First word of station message. Address contains
station identification number, decrement con-
tains pass number.

Number of radar messages in this block.

Address contins the location, relative to Y, of

the time of minimum range, in this block.

(Tm).

T 1 (time) fixed point, minutes in address, sec-

onds in decrement.

R 1 (range) floating point, in Mercury units.

A 1 (azimuth) floating point, in radians.

E1 (elevation) floating point, in radians.

Second radar message.

4-135



MC 105

Y + 4N - 1.... Y + 4N + 2 Nth radar message.

TMSTCH Address contains the location-1 of the station

characteristics block to be used. {see 4.13.1, f}.

4.20.2 Output Requirements

The following parameters are the outputs from the D3CDRM program:

Symbolic Location Definition

KOSWTR SYN TEQCIN Square root of station weight for

range.

KOSWTA SYN TEQCIN+I Square root of station weight for
azimuth.

KOSWTE SYN TEQCIN + 2 Square root of station weight for
elevation.

K00TOB SYN TEQCIN+3 Time of radar message just
processed.

K00ROB SYN TEQCIN+9 Range of radar message just
processed.

K00AOB SYN TEQCIN +10 Azimuth of radar message just
processed.

K00EOB SYN TEQCIN+ll Elevation of radar message just
processed.

KSTCHL SYN TEQCIN + 7 Address contains the number identi-
fying which station characteristics
block was used.

KTSUBI SYN TEQCIN + 8 Time of observation in Mercuryunits,
floating point.

4.20.3 Method

The message ITm} at time of minimum range and maximum elevation, and

the messages closest in time to it, totalingthe desired number of messages, are
selected and stored in order of increasing time and starting with the earliest.

If, in testing messages to be selected on the basis of time closest to T m, the

first message of the station message block is accepted, the program names it
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"the first desired message," and automatically selects enough sequential mes-

sages after T m to reach the number desired.

If, in testing messages to be selected on the basis of time closest to Tin, the

last message of the station message block is accepted, the first message is au-
tomatically: T-4(number of desired messages-i), where T is the number of the
last message. All messages between it and T are thus selected.m

After selecting the desired number of messages, the first one is stored and
control is returned to 2, 4. On each subsequent TSX to D3CDRM another of the

selected messages is stored, until all desired messages have been stored. Then
a final return is made to 1, 4.

4.20.4 Usage

a) Calling Sequence

a TSX D3CDRM,4

a + 1 all desired messages have been stored; final return.

a + 2 another selected message has been stored, but not all of them.

b) Space Required

150 locations used (the last 14 of which are erasable) excluding con-
stants, input, and output.

c) Constants Used

K00001 DEC 1

K00002 DEC 2

K00003 DEC 3

K00004 DEC 4

K00005 DEC 6

K00.SH DEC .00123857

KCH233 OCT 233000000000

d) Timing

The D3CDRM program requires 2.3 + N(I.2) msec for the first time
through plus (I.3)N msec for the remainingtimes through (total), where
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N= the desired number of radar messages and the number of times
control is transferred to D3CDRM. Total time: 2.3 + N{2.5)msee.

4.20.5 Checkout

Table 4-6 shows times for input messages used to test D3CDRM. A block of

ten messages was set up withtime equalto 1342 octal minutes and seconds vary-
ing from 0.62 octal. Four tests were made.

a} The normal case is that only part of the block is needed and the mes-
sages are in the center of the block.

b) All of the messages are needed.

c} Part of the messages are needed, andtheyrun off the end of the block.

d) Part of the messages are needed, and they run off the beginning of the
block.
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R I - 4 _ RI

CONVERT NEW

RI TO SECONDS.

< ___

= FIRST L = LAST t)

T L - 4 ( NO. OF

MESSAGES NEEDED

0 -* KCDRMI
NO

0 -_ NEED l

/t
I STOREWGTS.I ,4;OMPARETH___IUSET.EMALL.

FOR R, A, E _ NO. OF RADAR _DJSTORE LOCATIONI k MESSAGES TO ] I OF FIRST

ISTORE STATION NO.

I _ I MESSAGE'NR"
TL = KOLSMB I J STORE THE LOCATION OF

+ 4 (NO. OF H THE TIME OF THE MINIMUM

MESSAGES IN
IN BLOCK - 1 RANGE IN R2. CONVERT R 2

TO SECONDS

t

_1 R2+'_R3I
1 R2-4-* R1 I

TF=KOLSMB+3 I CONVERT R 1 + R2 I
I TOSECO.DSI

HI

< >

R 1 : R3 - =

J R3 + 4 -* R3
< CONVERT R3

TO SECONDS.

-I) _. R

SKIP

STORE TIME FROM

R 1 + R1, A 1, E 1

I THAT GOES WITH IT.

CONVERT t TO

MERCURY UNITS

• AND STOR E

t

NEED+ 1-_ NEED J

R 1 + 4 R 1 I

FIGURE 4-20. D3CDRM PROGRAM FLOW CHART
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4.21 SET UP NORMAL EQUATIONSPROGRAM (D2SUNE)

This program obtains normal equations from a group of m equations in n
unknowns.The flow chart for D2SUNEis shownin Figure 4-21.

4.21.1 Input Requirements

Symbolic Locations

TAWTPC

TPWTDF

C(K00MCT)

C(K0000N)

Definitions

= Core location of independent variable matrix.

= Core location of first of revalues of the dependent
variable.

= Number of equations.

= Number of unknown coefficients.

The above inputs are set in the calling sequence (DODIFC).

KD2SUT Indicator which is set by control programto avoid
repeated initialization of cells dependent on n
(number of unknowns).
non zero: initialize

zero: skip initialization

4.21.2 Output Requirements

a) KOSUMM: total number of equations added to normal equations block
thus far.

b) Normal equations block setuptobe solvedby D2SLNE starting at loca-
tion TEMD2 + 20.

c) KDFSQU m

dFi )2, (dFi = Pi)

i--i

d) Status of TEMD2 storage after D2SUNE (see next page)
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TEMD2
+1

+2

+3

+4

+5

+6

+7

+8

+9

+10

+11

+12

+19"

+ 20"*

+21

+22

+23

+ 24

+25

+26

+27

+28

+29

+30

+31

*Note:

Decrement n

Address m

Decrement n + 1

Address m + 1

Decrement 2n + 1

Address n(2n + 1) + 1
n

Address

Decrement

Address

Xail Pi

Eai2 Pi

Eai3 Pi

Xain Pi

]_(ail)2

]_ail ai2

F-ail ai3

Eail ai4

_:ail Pi

1.0

]_(ai2)2

Eai2 ai3

TEMD2+20 + n(2n+ i)+i

m{n + i)

P

TEMD2

+32

+33

+ 34

+35

+ 36

+37

+38

+39

+40

+41

+42

+43

+44

+45

+46

+47

+48

+49

+50

+51

+52

+53

+54

+55

+56

Maximum n = 10; can be changed by making T + 20 = T + 10 + n.

**For clarity in illustration of storage assume N = 4.

]_ai2 ai4

V-ai2 Pi

1.0

]_(ai3)2

]_ai3 ai4

F'ai3Pi

1.0

]_(ai4)2

]_ai4Pi

1.0

]_pi2

Since the above matrix is symetric only the diagonals and above need be

stored in the normal equations block.
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TEMD2 +20

_<(ail)2

TEMD2+20 +I TEMD2+20+(n- i) TEMD2+20+n

_ail ai2 Zail ain ]£ailPi

:_(ai2)2 " _(ai2 ain) ]£ai2Pi

MC 105

TEMD2 +20+n(2n+ 1)- 2 TEMD2 +20+n(2n +1) - 1

E(ain)2 ]£ainPi

The normal equations are stored row wise beginning in TEMD2 + 20 for the

first row. Each of the following rows is stored n locations following a floating

point one in locations TEMD2 +20+n+1, TEMD2+20+ n+l+ 2n+ 2 .......

TEMD2 + 20 + 20 + n(2n + 1)

4.21.3 Method

Start with the fundamental equations

all xI+ a12 x2+. . .+ aln x=Pl

a21 Xl+ a22 x2+" " "+a2nXn=P2

amlxl+am2X2+ " " +amnXn=Pm

where a = Independent variables (partial coefficients)

p = dependent variables

m>n

Set equations in matrix forms:

all ai2 " ain k X1 k

a21 a22 • . a2n _ x2

)
aml am2" amn / m2

Pl

P2
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or

multiply both sides of the above equation by the transpose,

[A T ] of [A] toobtain

[_] [_] Ix} : [_] I_l
or

[_] _x}: [o]
written as:

m n\ -(ail)2 Ealla12 Eailai x 1 ailP i

i=l i=l

/Ea12all E<al2 )2 Eai2ain x 2 = al2Pi

i=l i=l i=l "=

\t m / :ain ail Eain ai2 lain )2• ,ain Pi

k i=l i=1

4.21.4 Usage

a) Calling Sequence

Address Tag Decrement

a TSX D2SUNE 4

a + 1 TAWTPC , 0 , TPWTDT

a + 2 C(K00MCT) , 0 , C(K0000N)

a + 3 Normal Return
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b) Space Required

127 locations

c) Special Usage

D2SUNE must be used to set up normal equations for solution using
D2SUNE

d) Constants Used

K0 ZERO P ZE

K00001 DEC 1

KD0001 PZE 0, 0, 1

K001.0 DEC i.

KD2SUT P ZE

KOSUMM SYN TDCCNT + ii

KDFSQU SYN TDCCNT + 13

e) Erasable Locations

TEMD2, TEMD2 + 20 + n(2n + 1)

This temporary storage contains the major output of the program {nor-
mal equations). It must be maintained until solution by D2SLNE is
completed and if desired, computation of standard error of fit and ele-
ments by D2CSFE.

4.21.5 Checkout

D2SUNE was checked out with D2SLNE by comparing results from LSQ2.
(see SHARE library).
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I'
 , o2suT:o SET

IRST TI ME_/_[ KD2SUT

=0

: INITIALIZE + (M)TEST

S_ MCHGI_ 1 M(N+I)M:PREMV'OU 2 A+MCN+,)GET /_,_ 3 P+M

_M+M=

_M (NEW)

INITIALIZE + (N)

_! N + 1 ADDR & DECR I I

2 N + 1 DECR I I

N(2N+l)+1
TEMD2 + 20 + N I I
(2N+ 1)+ 1 I I

I "

STZ .¢

N • E BLOCK

LOC (S'. M )

' A2
I

A] [AT] :[AT] {PIJ
STORED AS I

MATRIX BY ROWS I
[GET 1 ROW] I

I

A5 A5

1.0 -* FOLLOWING I I _Pi aij _ T + 10

EACH ROW; n t_ AFTER EACH

LOCATIONS FROM ROW IS

START OF ROW COMPUTED

FIGURE 4-2]. D2SUNE PROGRAM FLOW CHART
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4.22 SOLVE NORMAL EQUATIONS PROGRAM (D2SLNE)

The purpose of this program isto solve M normal equations and obtain diag-
onals of the inverse matrix. The general and detailed flow charts for this pro-

gram are shown in Figures 4-22 and 4-23 respectively.

4.22.1 Input Requirements

The following parameters serve as input to the D2SLNE program:

Values

N = Number of unknowns

M = Number of equations

Symbolic Location

D(TEMD2 + i)

A(TEMD2 + 1)

Normal equations matrix stored row wise beginning in location TEMD2 + 20.

The size of TEMD2 is dependent on the size on n which cannot be greater
than 10. (Refer to writeup of D2SUNE for format of'TEMD2).

4.22.2 Output Requirements

The following items are outputted from the D2SLNE program:

a) AX,, AX 2 ... AX : Stored consecutively beginning in location
TLSSSE. ' n

b) B..: Terms on the principle diagonal of the inverse of the matrix
1j

(B) (to be used later in D2CSFE).

4.22.3 Other Recluirements

D2SLNE must be used after D2SUNE which sets up the normal equations.
D2CSFE is then run to computed standard error of fit and elements.

4.22.4 Method

The normal equations are solved by means of elimination. The diagonals of
the inverse matrix are then computed. This program must be run with D2SUNE
and D2CSFE.
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4.22.5 Usage

a) Calling Sequence

Operation

a TSX

a+l

a+2

a+3

Address Tag Decrement

D2SLNE,4

P Z E TLSSE

ERROR RETURN (Result of zero in pivot element)

NORMAL RETURN

b) Space Required

135 locations (main program)

156 locations (main program, K loc, TLSSE)

Total =,156 + TEMD2 + 20 + N(2N + 1) + 1 (Non-Erasable) where

the number of equations.

c) Error Code

Error will come as a result of zero in pivot element.

N is

d) Constants Used

KOZERO DEC 0,

K00001 DEC 1

KD0001 PZE 0, 0, 1

KD0002 PZE 0, 0, 2

e) Common Locations

ETEMD2 + 20 + N(2N + 1) + 1] non-erasable storage.

4.22.6 Checkout

D2SLNE was checked out with D2SUNE by comparing results with those of

LSQ2 (see SHARE library).
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INITIALIZE LOCATIONS

TO BE USED

IN THIS SUBROUTINE

MC 105

SOLVE X 1 _ X n

BY MEANS OF

ELIMINATION AND

SUBSTITUTION

COMPUTE: Bii- 1

AND STORE RESULTS

IN TEMD2.

THESE ARE THE

DIAGONALS OF

THE INVERSE OF

THE MATRIX

J18

RESTORE X 1 -_ Xn

VALUES INTO

OUTPUT LOC.

TLSSE.

FIGURE 4-22. D2SLNE PROGRAM GENERAL FLOW CHART
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INTL@

INITIALIZE
LOCATIONS TO BE

USED IN THIS
SUBROUTINE

JL_

I-
LOAD ALL
XR'S WITH

n(_ + 1)

B=O

XR1 _< 1

©=
B3

(

I

ADD TO AC B+ I

ISTORE IN TEMP + 2

B2 t
BUMP XR4 BY

-2N-2 + STORE
IN TEMP2 + 8

t
DEC. TEMD2 + 1
& STORE IN B 19

_

TEST XR1 TO GO ON

TO J IF NOT NEXT INST.

!

STORE C(XR1) IN J
DEC. OF TEMD2+ 4 I

(M = NUMBER OF NORMAL EQUATIONS

B, f
i

CLA TEMD2+ 21 J
TO AC I

TEST XR2 > 2NTI GO ON

IF XR2 < GO TO B6 + 1

B6 t >
I

STORE IN TEMD2+ 10 J
I

STORE
C(XR2) IW

DEC. OF B 15

(N = NUMBER OF UNKNOWNS

)

)

B6A

H DIVIDE BYS___ .T +._].1

i

®

®

FIGURE 4-23. D2SLNE PROGRAM DETAILED FLOW CHART (Sheet 1 o[ 3)
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I STORF IN J
T+ 10+N(2N+ I)

TAGGED XR I

t
STORE IN JTEM02 + 5

B8 t

GO TOBIIF < - N GO ON

B19 t =

-< _ TESTXRIWlTHDPCXRI_<N(2N+I) ON)
,(N + 2) GO TO B18 XR1 > N(2N + 1)- (N + 2) GO

LOAD I
TEMD2 + 8

INTO XR2

BUMP XR2 BY 2

B 10 t -_

TEST XR2 WITH DEC (2N + I ) _'_
XRI < DEC GO TO B16 JXRI > DEC GO ON TO B11

Bll _>

LOAD MQ WITH

TEMD2 + 5, MULTP.
& STORE IN

TEMD2 TAGG ED

B14 t ,

_" TEST XR2 WITH DEC (2N + 1)
_- _ IF XR2 < GO TO B16 JL IF XR2 • DEC GO TO B15

B15 t

TEST XR2 WITH DEC N(2N + 1)- (N + 1) )
IF XR2 • GO TO B10

IF XR2 _< GO ON TO B16

B161 LOADXR1 WITH DEM i O
TEMD2 + 4 XR2 FROM ,-'>'

DEC OF B 15

B 18

Jl PLACE ZERO INXR1 AND XR2

( =oco,°=OF==+,__ .@TO XRI, 2, 4 & TRATO B )

FIGURE 4-23. D2SLNE PROGRAMDETAILED FLOW CHART ($1_et 2 o[3)
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J
I LOAD XR2XR4 WITH

DEC OF TEMD2 + 1

LOAD XRI WITH

DEC TEMD2+ 3

Figure 4-24 (3of 3)

J2 _ _

STORE

XR1 IN J9

XR2 IN J10

J3 _

I LOAD MQ WITH I
TEMD2 + 40 TAGGED

MULT BY B+ 25

,5 t

J ADD B + 36 TAGGED I
AND STORE IN B+ 36

TAGGED

J7 _

_._ TEST XR2 WITH DEC (2N+ 1)
XR2> GO TO J7+ 1

XR2__ TO TO J8

t >

IF XR1 > 1 BUMP IT BY
ONE + TRA TO J3

IF NOT GO ON

J8 _i C <-

XR1 : DEC (N(2N + I)- 2N- 2)

XR1 : DEC (N(2N + 1)- 2N- 2)
IF XR1 > DEC TO TO J13

IF XRI< GO ON

)

2-

"°,DEC TEMD2 + 2
XR1

/ I A OF T+4-* XR2

t

J10 t LOAD XRI
AND XR2XR4

FROM J2

t
J12 ADD 2N+ 2-'* XR2

2N+ I_ XRI XR4

J13 i"_'_

XR2 > GO TO J14

XR2<_ TO TO*+ 1

SUB TEMD2 + 3

STD J8

r"
J14 I LOAD ZERO JIHTP XR4

1
TEST XR4,2 WITH 1

XR24> GO TO J1
XR2,4< _o TO NEXT INST.

I

STORE X I -_ XN

INTO LOC
TLSSE

FIGURE 4-23. D2SLNE PROGRAM DETAILED FLOW CHART ('Sheet 3 of 3)
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4.23 CALCULATE STANDARD ERROR FIT PROGRAM (D2CSFE)

This program computes the standard error of fit and elements. The flow

chart for C2CSFE is shown in Figure 4-24.

4.23.1 Input Requirements:

D2CSFE uses the square root library subroutine UISQRT.

Symbolic Locations Definitions

K0000N Number of coefficients (n)

KOSUMM Number of equations of condition

KDFSQU m

i=l

TEMD2 Block of temporary storage generated by D2SLNE
m

and D2CSFE containing _ (dF)i aij and Bij-1

i=l

(diagonal elements of the inverse matrix}.

TLSSSE, TLSSSE + (N - 1): in) coefficients.

4.23.2 Output Requirements

TLSSSE, TLSSSE + 2N: in) coefficients immediately followed by standard
error of fit and standard error of elements.

4.23.3 Method

Se=_ (mln)L(dFi)2i=l -j=_lXJll _(dF)i=l ai_

Solving the above equation for the fit, S(x)j is obtained by

S = S V_.. -I
x. e 1j

J

B.. -1
where 1j is the term of the principle diagonal of the inverse of the

matrix representing the normal equations.
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4.23.4

a)

Usage

Calling Sequence

a TSX

a+l

a+2

D2CSFE, 4

Error Return (error in UISQRT)

Normal Return

c) Error Codes

a + 1 Error in U1SQRT

d) Special Usage

D2SUNE and D2SLNE must be executed prior to D2CSFE to compute

standard error.

e) Constants Used

K0 ZERO P ZE

K00001 DEC 1

KCH233 OCT 233000000000

f) Erasable locations

TEMD2, TEMD2 + 20 + N(2N + 1) + 2 is input; erasable after comple-
tion of D2CSFE.

g) Timing

14.928 msecs for 6 unknowns

4.23.5 Checkout

C2CSFE was checked out using output from D2SUNE and D2SLNE and hand

computing the S and S ..
e e]
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C

I

I

l
-_<

ERROR

START

t
SAVE XR1,2,4,

INITIALIZE

FOR LOOP XR2

FLOATED

(KOSUMM -K0000N)
=T

(M- N)= T

t
XR1 -* 0

(ieXR1 = i)

_-"=_ D2C2

Xi ( _pi aii)

XRI= XRI-:I

f D2C1

XR1 = C(K0000N)
(i = N) J

<

_.Xi _pi aii)

+ .Ypi 2

+T

SQRT

STORESe I

_I

v I D2CIO

Se

FIGURE 4-24. D2CSFE PROGRAM FLOW CHART

XRI,2,4

XR1
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4.24 STATION SUM OF SQUARES OVER M PROGRAM (D2SSMT)

_(dF)2 for each station in a differ-
This program computes Number of Equation

ential correction interval and sets the results in table form. The flow chart for
D2SSMT is shown in Figure 4-26.

4.24.1 Input Requirements

The following data serves as input to the D2SSMT program:

Symbolic Location Definition

KTOTLM

KTDFSQ

Number of equations of condition in fixed point

_(dF) 2, sum of the square of the right hand sides

to the equations of condition in floating point.

KD2CNT Zero for each series of stations processed. Non-
zero after initialization for the series has taken
place.

4.24.2

TD2SSM

Output Requirements

Table containing _ (dF)2 for each reporting sta-
re

tion in the order that the stations were processed

for the overall differential correction in floating
point.

4.24.3 Method

ZdF 2 and _:M for individual stations are obtained as follows:

(_dF2)s- (_dF2)s_I =

This program is entered and

(_dF2)l station*

£(dF}2 is computed and stored in its place in the
m

table TD2SSM after each station in the interval has been processed.

4.24.4 Usage

a} Calling Sequence

a TSX

a + 1 Normal Return

D2SSMT, 4

4-157



MC 105

K00001

KCH233

TD2SSM

d) Timing.

b) Space Required

28 locations

c) Constants Used

KOZERO = 0

--1

-- 23300000000008

BSS 17

First station requires 1.02 milliseconds and .78 milliseconds each
time thereafter.

4.24.5 Checkout

dF 2
The programwas entered five times, each time storing _ in its appropri-

ate location. Results showed correct answers.
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SAVE XR1 I

t

_EST FIRST TIME?_--

KD2CNTj/ J

I D2SS

I

I I
MAKE I I ZERO -_

KD2CNT _1 _M s- 1_o :_df

LOAD XR1
TO GET

PROPER TABLE

LOC. FOR STORING

t
FLOAT _M

$

t
_df 2 _df 2

$_ $_ 1

_,_° _ _1_°
$ $_ 1

t
STORE IN

TD2SSM, 1

INCREMENT XR1
TO INCREMENT

TD2SSM LOC.
STORE XR1 D2SS

RESTORE XR1

Z E RO

BLOCK

I

FIGURE 4-25. D2SSMT PROGRAM FLOW CHART
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4.25 RETROFIRE AND RE-ENTRY CALCULATIONS PROGRAM {R5RARF)

This program introduces the re-entry phase of the mission. The purpose of

this program is twofold, 1) it performs the calculations in preparation for the
integration program NOCPNI which generates the re-entry table and impact data
for a specified time of retrorocket firing, and 2) R5RARF calculates the time to
fire retrorockets for a specified recovery area.

Whenever a new integration table is produced, a new re-entry table is gen-
erated based on these latest orbit predictions. This is accomplished by the re-

entry program {R5RARF} generating a nominal r, v, and t at burn-out, based on
the present capsule setting. The Numerical Integration program {NOCPNI)then

generates the re-entry table using this nominal r, v, and t at burn-out. {This
same procedure is used whenever a new capsule setting arrives in the computer.
R5RARF computes an r, v, and t at burn-out based on this most recent setting.
A new re-entry table is now generated according to the current integration table
in the machine. Control is then returned to point of interruption when the new

capsule setting entered the computer.}

When the re-entry table has been generated, R5RARF is entered and the
times to retrofire for the present orbit, and of the mission and for the next emer-

gency area are computed. This is accomplished by Monitor supplying a nominal
time to retro-fire for end of this orbit, the longitude of the recovery area, the
orbit number, and the location of a A;_ corresponding to 5 miles. R5RARF com-

putes an r, v, and t at burn-out based on the given time to fire. NOCPNI com-
putes an impact point corresponding to this r, v, and t at burn-out. R5RARF
compares this impact point to the longitude of the recovery area. If it does not
lie within the prescribed 5 miles, NOCPNI is given another r, v, and t at burn-
out based on the time to fire being adjusted. The impact point is generated and
the comparison made as above. This cycle continues until the impact point lies
within 5 miles of the recovery area. The time to fire is then computed for the
end of the mission in the same manner. The next emergency area is determined

{Monitor) and a nominal time supplied and the above procedure is used to deter-
mine time to fire for next emergency area. The flow chart for the R5RARF pro-

gram is shown in Figure 4-26.

4.25.1 Input Requirements

R5RARF uses the following programs:

Mercury Programs

C9 DTRF

R6 BOT H

O5RARF
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Library Routines

UIFXPT

U7 INT P

U3VMAG

If NOCPNI is to generate a re-entry table and impact data for a specified

time of firing,then the following situationsmust exist:

a) TMSSEC must contain either the present setting of the capsule clock
plus 30 seconds or the actual time of firing of the first retrorocket,
GMT in fixed point seconds. (There is a 30 second deadlock in the cap-
sule clock between the setting of the block and the time that the retro-
rockets fire; therefore, Monitor updates the present capsule setting by
30 seconds.)

b) Entry is made at R5RARF with the MQ = +0.

c) If the retroroekets have fired, MCNRRF must contain the number of

retros fired as a fixed point integer. If none have fired, then MCNRRF
is assumed to be zero.

Upon the first entry to R5RARF to calculate the time to fire retros to impact
in a specified area,

a) Address (MQ) should contain the location of a nominal time (GMT of a
nominal clock setting) in fixed point seconds of firing of the retro-
rocket s;

b) Decrement (MQ) should contain the location of the longitude tin float-

ing point radians) of the recovery area;

c) Address (AC) should contain the location of the tolerance* (in floating

point radians) in longitude for the given recovery area;

d) Decrement (AC) should contain an integer describing the type of re-

covery area:

D(AC) = 1, if end of 1st orbit recovery area

*Note: Associated with each recovery area there is a quantity A_ + tolerance
which specifies how close the computed impact longitude must come to the de-
sired impact longitude before the iterative procedure is terminated for calcu-
lating the time-to-fire retroroekets. The specified allowance error is 5 miles,
which corresponds to different A}, at different latitudes. Therefore, each re-
covery area will have a hA computed on the basis of the latitude of the station.
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D(AC)= 2, if end of 2ndorbit recovery area

D(AC)= 3, if end of 3rd orbit recovery area

D(AC)= 0, if next emergency area

D(AC) = 3, with S(AC)minus, if end of mission recovery area

Uponsubsequententries to R5RARFin calculating arefined time to fire re-
trorockets for the specified area, entry is made to R5RARF with S(MQ)minus.
This entry presupposesthat the first entry has beenmade for the first phaseof
the calculation of the time correction andthe output generated in this phaseis
available.

4.25.2 Output Requirements

If NOCPNI is to generate a re-entry table and impact data, or if this was the

initial entry to R5RARF for the time-to-fire calculation, R5RARF constructs
TMRARF, a fifteen location table containing the input data for NOCPNI in the fol-

lowing format:

TMRARF X coordinate

+1 Y coordinate

+2 Z coordinate

+ 3 Velocity along x axis

+4 Velocity along y axis

+5 Velocity along z axis

+6 Anchor time in seconds associated with
and V values. This time is measured

from midnight preceding launch.

+7 Address of start of integration table
desired, TNINT2 during generation of
re-entry table, TNINT9 during retrofire
calculations.

+8 Set to 8, indicating the time stop at which (fixed point)
orbit points are to be calculated.

+9 One, indicating that time is expressed (fixed point)
in seconds.

(floating point)

(floating point)

(floating point)

(floating point)

(floating point)

(floating point)

(fixed point)
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+10 Length of time in seconds to integrate (fixed point)
backwards. Set to zero during retrofire
calculations; set to 16 during generation

of re-entry table.

+ii Length of time in seconds to integrate (fixed point)
forwards.

+12 Zero, indicating that the drag routine (fixed point)
will be used.

+13 Set to 1, indicating that _ and V values (fixed point)
appear in output table.

+14 Number of integration steps per output. (fixed point)
Set to 1 during generation of re-entry
table, set to 2000 during retrofire calcu-
lations, indicating not to store re-entry
table.

If NOCPNI is to generate a re-entry and impact data,

a} R5RARF also stores the time of the first entry in the re-entry table
in TFESAB in fixed point seconds.

b) R5RARF turns to MFRARF with the accumulator = +0.

c) NOCPNI, upon completion of the calculation of the re-entry table,
stores the longitude and latitude of the impact point and the time of
impact in the appropriate locations of its output table TMORMC.

If this was the initial entry to R5RARF for the time-to-fire calculation,

a) In generating the TMRARF table, R5RARF indicates that NOCPNI is
not to store the re-entry table, but to store the longitude and latitude
of the impact point and the time of impact in the table TMIMPP, to be

examined by R5RARF.

b) R5RARF returns to MFRARF with the accumulator = +0.

On subsequent entries to R5RARF in computing a refined time to fire retro-
rockets, R5RARF checks whether the last computed impact point is sufficiently

close to the desired impact point. If so, R5RARF computes the following output
and stores it in the appropriate locations of the TMORMC block:

a) GMT of retrofire computed.

b) Elapsed capsule time of retrofire computed (ECTRC).
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Also, if the designated area is the end of mission area, R5RARF computes
the incremental capsule time to retrofire computed (ICTRC). R5RARF then re-
turns to Monitor with a positive non-zero integer in the accumulator. If, how-
ever, the computed impact point is not sufficiently close to the desired impact
point, R5RARF constructs TMRARF as above, indicating that NOCPNI is to gen-
erate impact data based on a corrected time of retrofire. R5RARF in this case
returns to MFRARF with the accumulator = +0.

4.25.3 Method

If the time of retrofire given is a clock setting, R5RARF updates this time

by 30 seconds to obtain the actual time of firing. The position and velocity vec-
tors of the capsule at the time of firing are calculated by 6 point Lagrangian in-
terpolation, using the library subroutine U7INTP.

If burnout does not occur on an even second, the position vector _ and the
o

velocity vector V° at the first whole second after burnout are computed by the

following relations.

To = YBo + VBo At

Vo = VBo - _Bo At/L_Bo L3

where _Bo and VBo are the position and velocity vectors at burnout, and At is the

time interval in Mercury units between burnout and the next whole second. YB
and V B are calculated by the subroutine R6BOTH.

When R5RARF produces the re-entry table for the present capsule setting
or the actual time of firing, the table includes two time steps prior to the first

whole second following burnout. These entries are provided so that 6 point Lag-
rangian interpolation is possible for any observation time occurring after the
first second following burnout.

During time-to-fire calculations, R5RARF sets the indicator TODRAG to a
non-zero value to instruct NOCPNIto store the impact data in the block TMIMPP.
At the completion of these calculations, the indicator is reset to zero. When the

R5RARF produces the re-entry table and impact data for the present capsule
setting or the actual time of firing, the indicator TODRAG is zero to instruct
NOCPNI to store the impact data in the output block TMORMC.

During time-to-fire calculations, the re-entry table generated to obtain im-
pact data is not stored. Since NOCPNI always stores values in the first ten loca-
tions of the re-entry table, TNINT2 is used as the normal re-entry table and
TNINT9 is the re-entry table (10 locations) for the time-to-fire calculations.

The correction to the time of firing is calculated by the C9DTRF program.
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The R5RARF program is accurate to 7 significant digits.

4.25.4

a) Necessary Transfer Information

See Subsection 5.1.1 for input required and 5.1.2 for conditions upon
return to Monitor.

b) Space Required

16910 locations, excluding constants, tables and subroutines.

c) Error Codes

1) If location MCNOIP is non-zero, no impact pointwas obtained from
numerical integration and hence no time-to-fire calculations can
be done. In this case, R5RARF exits to MFRARF with a minus
three in the accumulator.

2) If the _ and V at retrofire time are not within the limits of the inte-
gration table (causing an error return from U71NTP), R5RARF
exits to MFRARF with a minus zero.

d) Constants and Tables Used

K00001 DEC 1

K00003 DEC 3

K00012 DEC 12

K00030 DEC 30

K00060 DEC 60

K013.4 DEC 13.44684

KINTV2 DEC 2000

T.DLTA DEC 0.0

TMIMFP BSS 10

TRVIBO BSS 7

Minutes per Mercury unit of times

store every 2000th integ, step

Mercury time between burnout and
next whole second.

Impact data for retrofiring

Output from U7INTP, input
to R6BOTH
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TODRAG PZE

TMRARF DEC

TNINTI BSS

TFESAB BSS

TMSSEC BSS

Zero - re-entry, nonzero for ret-
rofire

0,0,0,0,0,0,0,0,8,1,0,2368,0,1,0

2000

i

i

TNINT2 BSS 2000

TNINT9 BSS 10

First second after burnout

Present capsule setting, seconds,
B35

Re-entry table for time to fire
calculation

e) Monitor Locations Referred to

MC NOIP

MFRARF

f) Erasable Locations

Locations TEXIT, C, JOIN (10) are erasable

g) Timing

Let 1 = timing for U7INTP = 34.092 msec maximum

R = timing for R6BOTH = 1226 msec maximum

V = timing for U3VMAG = 2.88 msec

C = timing for C9DTRF = 2.772 msec maximum

O = timing for O5RARF = 2.79 msec

1) 5.244 msec + 1 + R + V to prepare for generation of a re-entry ta-
ble = 164.82 msec

2) 5.508 msec + 1 + R + V mean time to request generation of impact
data = 16508 msec

3) 1.056 msec+ C + X to compute the time correction = 6.62 msec

4) .372 msec + C + O when no further time correction is necessary =
5.94 msec
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4.25.5 Checkout

R5RARF was checked out by hand calculations as far as possible. Then it
was tested with simulated Monitor controls for its sequential and iterative proc-

essor.
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RET
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(TMRARF+ IO)TO
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BECOMEs T/'F RETROS

TEST SIGN
OF MQ MCNOIP

MQM +

YE,_ IS MQ EQUAL STORE

TO ZERO IN MCNOIP

A(MQ) = L (TIMEN) STORE ZERO
D(MQ) = L (_ DESIRED) IN TODRAG
A(AC) = L (,_ TOL)
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(TMRARF + 14) AC = - 3
NOT TO STORE

SET

O FOR RETROFIRE
CALCULATIONS

FOR NO BACKWARDS

L(T N

INTP

UTINTP WRONG

ATES TO STORE ZER(
FIND • + v ATTIME IN

OF RETROFIRE

OBTAIN A AT

60,O00FT. FROM
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GENERATED DATA

C9DTRF
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TOT

TO FIRE RETROS

CONVERT TIME
CORRECTION TO
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tRF =

tRF + _t

TTFF

SUGGESTED TIME

BECOMES TIME
TO FIRE RETROS

COMPUTES

OUTPUT
TIMES FOR

TMORMC BLOCK

SET

AC=+3

STORE ZERO

IN TODRAG

R6BOTH SET AC

CALCULATEs TO -0
r + v AT
BURNOUT

FIND TBO S ADJUST r + v ]

TO NEXT WHOLE SECOND.

tBO = tRF + K

to = tBO + rO _t

= VBo -rBO _t/IrBD 3

d SET

l LAc= +o

FIGURE 4-26. R5RARF PROGRAM FLOW CHART
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4.26 DELTA TIME FOR RETROFIRE PROGRAM (C9DTRF)

This program computes the correction to the suggested time for firing the
retrorockets to land the capsule in a designated recovery area. The flow chart
for C9DTRF is shown in Figure 4-27.

4.26.1 Input Requirements

Entry to C9DTRF is made with the longitude of the midpoint of the recovery
area in floating point radians (¢-< _-< 2,) in the accumulator and the computed
longitude of the impact point in the MQ. Additional input required is described
under 5.2.5.

4.26.2 Output Requirements

Upon exiting from C9DTRF, the correction to the time of firing in Mercury
time units is in the accumulator. If the computed longitude is within range, the
time correction is zero.

4.26.3 Additional Requirements

When first entering C9DTRF, location T1STN0 is zero, indicating a first
iteration. For the next iterations until the computed longitude has converged to
the desired longitude {within the limits defined by the tolerance in longitude),
C9DTRF sets location T1STN0 unequal to zero. After convergence, i.e., when
the time correction is computed to be zero, location T1STNO is reset to zero
within C9DTRF. When using C9DTRF, if any limitation is put on the number of
iterations and convergence is not obtained, location TISTNO must be set equal
to zero outside C9DTRF.

4.26.4 Method

The C9DTRF uses the following equations:

a} To take care of the discontinuity in longitude, the minimum distance,

AXmi n (IAAminl -<180°), from £computed to Adesired is computed. See

Sheet 2 of Figure 5-2 for details of this calculation.

b) At = Ahmin/(Co c - _e)

_c = component of velocity eastward

_o = rotational velocity of the earth
e

c) _c = (xs} - y_)/(x2 + y2)

d) new time correction, At = (At . -AA . )/h},
previous mm p
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For details on calculation of AXp, the actual changein longitude

achievedby changingthe firing time by the amount Atp, see Sheet2 of
Figure 4-28.

The C9DTRFprogram is accurate to 7 significant digits.

4.26.5 Usage

a) Calling Sequence

a TSX

a + 1 PZE

a + 2 PZE

a+3

a+4

Units:
units.

It is assumed that the components of each vector are in consecutive

locations. Tolerance in longitude is 5 nautical miles. The same value
in radians varies with the latitude.

b) Space Required--9210 locations excluding constants.

c) Constants Used

C9DTRF, 4

Location (lst component of r vector)

Location (lst component of v vector)

Tolerance in longitude

Normal return

longitude in floating point radians; _ and V vectors in Mercury

K00.PI DEC 3.14159265

KKK2PI DEC 6.283185307

K.OMEG DEC .058833543

K00060 DEC 60

K00001 DEC 1

d) Table Used

TISTNO PZE

e) Erasable Locations

1210
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ENS(2), RVEC(4), HGDT,LMDA2, LCOM, LDES, DLMIN, DLPRE.

f) Timing

i) .504 msec. if value is within range

2) 2.772 msec. for an initial refinement

3) 1.524 msec. for any other refinement

4.26.6 Checkout

First C9DTRF was checked out by itself testing every variation in the pro-
gram. The numerical calculations proper to C9DTRF were compared with hand
calculations. Then C9DTRF was checked out together with R5RARF to test how
quickly its equations refined the time to fire sufficiently. For this phase of the
testing, Monitor controls for the R5RARF program were simulated and the out-
put of NOPCNI was used as input for C9DTRF.
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LOCATION OF r,
v, AND TOLERENCE

IN LONGITUDE (E)
ARE SUPPLIED IN

CALLING SEQUENCE
C(AC) = _. DESIRED
C(MQ) = _. COMPUTED

(_. OF IMPACT)
UNITS: FL. PT. RADIANS

t
COMPUTE THE MINIMUM

DISTANCE _ MIN (J_,XMIN
< 180 ° ) FROM_. c TOA. o.

(SEE SHEET 2)

COMPUTE
ACTUAL CHANGE

IN LONGITUDE

A_. p ACHIEVED BY
THE TIME

CORRECTION Atp
COMPUTED IN THE

PREVIOUS ITERATION

(SEE SHEET 2)

NO

COMPUTE NEW
TIME CORRECTION

At-- Atp _____min

4 p

REFIN 1

t YES

SET INDICATOR !
TO "NOT FIRST

REFINEMENT

COMPUTE W VELOCITY
C e

OF CAPSUL.E EASTWARD
xy -- yx

Wc- x2 + y2

t
A_. rain MTU

At
Wc - WE

WE = ANGULAR
VELOCITY OF ROTATIOh

OF EARTH

ISETXPREVIOUS= .c -
PLACE TIME

CORRECTION At IN AC

FIGURE 4-27.

SET INDICATOR I
TO "1ST REFINEMENT

CONDITION

TIME
CORRECTION

IS ZERO

C9DTRF PROGRAM FLOW CHART (Sheet I of 2)
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GIVEN_ C, COMPUTED LANDING POINT LONGITUDE
_D, DESIRED LANDING POINT LONGITUDE

TO COMPUTE THE MINIMUM DISTANCE A_.mi n

(POSITIVE OR NEGATIVE) FROMZ C TO_D.

I_1<_"
t

COMPARE

lot WITH ff )
/

/_.min = O"

lal <rr

O>0

1 (
SET I

A_. rain =
-2tr+o

GRTHP

TESTs.);

GIVENZ PREV. LONGITUDE OF PREVIOUS LANDING POINT

_C, LONGITUDE OF PRESENT COMPUTED LANDING POINT.
Atp, TIME CORRECTION COMPUTED IN THE PREVIOUS ITERATION

TO COMPUTE THE ACTUAL CHANGE IN LONGITUDE,
_p ACHIEVED BY CHANGING THE FIRING TIME BY THE AMOUNT _tp.

a<0

SET
AXmin =

2rr+o

TEST V TEST Atp

<0

SET AZp 1=2rr+ V

6
FIGURE 4.27.

TEST V

C9DTRF PROGRAM FLOW CHART CSheet2 o[ 2)
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4.27 COMPUTE _ AND V AT BURNOUT PROGRAM (R6BOTH)

Given position, velocity, and the time associated with these quantities at the
start of retrorocket fire, R6BOTH produces the position, velocity, and the asso-
ciated time at the termination of retrorocket fire. The flow chart for R6BOTH is

shown in Figure 4-28.

4.27.1 Input Requirements

R6BOTH uses the following three library subroutines:

U3UNTV

U3VPRO

UISQRT

The input to R6BOTH consists of seven words in consecutive ascending core
locations: time (associated with the given R, V) in seconds, floating point; R

components iX, Y, Z), V components (V x, Vy, Vz) all in Mercury units, floating
point.

The number of retrorockets fired, N, must be given as an integer in the ac-
cumulator when entering the program.

a} 34 ° orientation is assumed for the thrust vector. 1080 lbs Cat surface)

is the assumed (constant} thrust of rockets during retrofire. Vehicle
weight is taken to be 2700 lbs.

b) Firing intervals are 5, 5, 5 seconds; duration of 12.0 second for each
burst.

4.27.2 Output Requirements

The output of R6BOTH is identicalto the input block in requirements and
format.

4.27.3 Method

The R6BOTH program uses the following equations:

r = r ° + v ° (At) 2 _o/2ro3 + (At) 2 _,/2

_o/ro 3v= v° - (At) + (At) A

This program has been tested using 4, 3, 2, 1, 0 rockets; 5 iterations of a
single retrorocket, with adjusted thrust andtiming; and a single pass using aver-
age thrust.
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4.27.4 Usage

a) Calling Sequence

Place integral N in the AC,

a TSX

a + 1 PZE

a + 2 Error Return

a + 3 Normal Return

where

N

R6BOTH, 4

L(I), 0, L(O)

= number of retrorockets fired

L(I) = Location of first entry in input block

L(O) = Location of first entry in output block.

Program uses 200 locations of which the last 33 are erasable.

Error return is made if and only if N d 0, 1, 2, 3.

b) Constants Used

K00001 DEC 1

K0003 DEC 3

K002.0 DEC 2.0

TTHRUS--A location table of thrust factors.

R6TMP is a block of 33 locations used for temporary storage.

c) Timing

For N = i, 2, 3, rockets fired

Time = 25.2 + 2* (N-I)*(24.352) msec (709), i.e., 122.6 msec for N = 3.

4.27.5 Checkout

Program has been checked inter se and by hand computation for N = 3.

4-178



MC 105
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4.28 ELAPSED AND INCREMENTED CAPSULE TIME PROGRAM (O5RARF)

Given the computed GMT for retrofire and the type of recovery area for
which this time was computed, 05RARF computes the elapsed capsule time

(ECTRC) and the incremental capsule time (ICTRC) (if the designated area is
the end of mission area) and places the computed times in the proper locations
of the output table. The flow chart for the O5RARF program is shown in Figure
4-29.

4.28.1 Input Requirements:

The computed GMT for retrofire is fixed point seconds and should be placed
in the MQ upon entry.

The proper code for the type of recovery area should be placed in the dec-
rement portion of the accumulator as follows:

0 for an emergency abort recovery area

1 for the end of first orbit

2 for the end of second orbit

3 for the end of third orbit

4 for the end of mission

D

4.28.2 Output Requirements

O5RARF uses the GMT to fire retrorockets to compute the corresponding
ECTRC and, if required, the ICTRC. This program places these values in the
locations of table TMORMC (see Table 4-7) depending on the type of recovery
area for which the times were computed.

4.28.3 Method

Equations Used

Calculation of elapsed capsule time to retrofire computed (ECTRC)
from Greenwich mean time to retrofire (GMTRC)

(GMTRC - x) k + y = ECTRC

x = GMT of the last reading of the capsule clock.

y = the reading of the capsule clock (ECT) at time x.

k = change in capsule clock per unit change in ground time.
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The ECTRS, the present setting of elapsed capsule time to retrofire and
the ECTRC are converted from seconds to hours, minutes and seconds.

The increments (positive or negative) will be computed for the minimum
digital changes in seconds, minutes, and hours, in that order, to ' ' advance"
the clock from the ECTRS to the ECTRC. The calculation adjusts for the

carry over from seconds to minutes and minutes to hours.

All calculations of time are accurate to the nearest second.

4.28.4 Usage

a) Calling Sequence

a TSX O5RARF, 4

a + 1 Normal Return

b) Space Required

16810 locations excluding constants and tables.

c) Constants Used

K00001 DEC 1

K00030 DEC 30

K00060 DEC 6O

KD0002 PZE ,,2

KD0003 PZE ,,3

KD0004 PZE ,,4

d) Tables Used

TMETRS BSS 1

TMGMT2 BSS 1

TMECT2 BSS 1

TMSLOP DEC 1B2

TMORMC BSS 36

ECT of retrofire set

GMT of last reading

ECT at time of last reading

Relation between speed of capsule
clock and GMT

Output Block
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TABLE 4-7. TMORMC TABLE FORMAT

Location Description Format

TMORMC + 5

TMORMC+6

TMORMC+7

TMORMC+8

TMORMC+9

TMORMC+10

TMORMC+18

TMORMC+19

TMORMC+20

GMT of retrofire computed for

emergency abort recovery area
(GMTRC)

Elapsed capsule time to retrofire

computed for emergency abort
recovery area (ECTRC)

GMTRC for end of present orbit

ECTRC for end of present orbit

GMTRC for end of mission

ECTRC for end of mission

Incremental capsule time to retro-
fire computed for end of mission
(ICTRC) + hours

Same as above + minutes

Same as above + seconds

Minutes in address
Seconds in decrement

Same

Same

Same

Same

Same

Integer in address

Note: An end-of-third-orbit is treated as both end of present orbit and end of
mission. Values are stored in TMORMC + 7 through TMORMC + 10 and

TMORMC + 18 through TMORMC + 20.
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e) Erasable Locations

Locations TAREA through DELTA are 1810 erasable locations.

f)

For an end of mission, 4.89 msecs.

For other than an end of mission, 2.79 msecs.

4.28.5 Checkout

All variations of the program were tested and program results compared

favorably with hand calculations.
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4.29 ACQUISITION DATA GENERATION PROGRAM (AOSTAD)

Given a station number and estimatedtime to start testing for horizon cross-
ing, AOSTAD generates acquisition data (range, azimuth, elevation)at various
points of the passage of the capsule over the station. An error return is provided
to indicate that no acquisition data isto be sent because the capsule will not come
at least 1° in elevation above the horizon. The flow chart for AOSTAD is shown
in Figure 4-30.

4.29.1 Input Requirements

The following library routines are used by the AOSTAD program.

UISICO, UISQRT, UIATAB, UIASCO, UIATNA, U3DOTP, U7INTP, U3VMAG,
and UAILSC.

Two control words, MCACQI and MCACQ2, are provided by Monitor:

D(MCACQ1) contains the internal station number, used to reference the
station characteristics block.

A(MCACQ2) contains the estimated time of horizon crossing in whole
minutes.

4.29.2 Output Requirements

If acquisition data is to be sent, and if the height of the capsule at the time it
is approximately 1 ° above the horizon is greater than 450,000 ft. then AOSTAD

generates a 16-word output block as shown in Table 4-8.

If acquisition data is to be sent and if the height of the capsule at the time
when the capsule is approximately 1° above the horizon is less than or equal to

450,000 feet the 16-word output block generated consists of the following four
times with the associated R, A, E. The format is identical with TMSTAD.

Note:

Time

1st time = t 1

2nd time = t 2

3rd time = t 3

4th time = t 4

As of 3/24/61, At"

Description

time at which the capsule
horizon

t 2 = t 1 + Af

t 3 = t 2 + At'

t 4 = t 3 + At"

30 seconds.

is approx 1 ° above the
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TABLE 4-8• AOSTAD16-WORDOUTPUT BLOCK FORMAT (Sheet1 of 2)

Location

TMSTAD

+1

+2

+3

+4

+5

+6

+7

+8

+9

+i0

+ii

+12

+13

Co_e_s

Time (tl)(A= min, D = see)

Range (floatingpoint yards)

Azimuth (floatingpoint

radians)

Elevation (floatingpoint

radians)

Time (tl0)(A= min, D = see)

Range (floating point yards)

Azimuth (floatingpoint

radians)

Elevation (floating point
radians)

Time (t30)(A = min, D =sec)

Range (floating point yards)

Azimuth (floatingpoint

radians)

Elevation (floating point
radians)

Time (tx)(A= min, D =sec)

Range (floating point yards)

Description

Time at which capsule is approx.
1° above the horizon.

Range of capsule relative to the

station at t 1.

Azimuth of capsule relative to sta-

tionatt 1. ¢<A<2_

Elevation of capsule relative to

station at t 1. -_/2 _<E <_,/2

Time at which capsule is approxi-

mately 10 ° along the capsule path
from the horizon.

Range of capsule relative to the

station at tl0.

Azimuth of capsule relative to sta-

tion attl0. ¢-<A<2-

Elevation of capsule relative to

station at tl0. -_/2 < E < _/2

Time at which capsule is approx.

30 ° along the capsule trajectory
from the horizon.

Range of capsule relative to the

station at t30.

Azimuth of capsule relative to the

station att30. ¢_<A<2

Elevation of capsule relative to the

station at t30. -_/2 _<E _<,/2

t = t + At, where t is the time
X ca ca

of closest approach and At = 10 sec

Range of capsule relative to station
at t

X
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TABLE 4-8. AOSTAD 16-WORD OUTPUT BLOCK FORMAT (Sheet 2 of 2)

Loe ation Contents Description

+14

+15

Azimuth (floating point
radians)

Elevation (floating point
radians)

Azimuth of capsule relative to sta-
tion att . ¢< A<2

X

Elevation of capsule relative to
station att . _/2_<E_<_/2

X

Note: If the elevation at tl0 or t30 is negative, the corresponding data is not

sent. This is indicated by zero inthe corresponding four words of the out-
put block.
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4.29.3 Other Requirements

It is assumed that the station characteristics block is in core storage avail-

able to the routine, containing in particular:

Position

8

Description

sin ¢ (floating point radians), where
detic latitude.

9

10

11

12

18

29

¢ is the station geo-

cos ¢ (floating point radians).

R sin (¢ - ¢') (floating point Mercury units)
S

where R = radius of the earth at the station,
s

¢ = station geodetic latitude, and
¢'= station geocentric latitude.

R cos (¢-¢') (floating point Mercury units)
S

Rs, radius from earth center to station, (floating point Mer-

cury units).

Inertial longitude of station at reference time (floatingpoint

radians). ¢< >,< 2_

sin ¢" (floating point radians) (where ¢" is the station geo-
centric latitude).

3O cos ¢" (floating point radians).

The locations of the above quantities are defined (by EQU pseudo-ops) rela-
tive to the first location of the station characteristics block, which, therefore,

cannot be rearranged.

It is assumed that the ending time of the re-entry table (TNINT2 + 3) and the

time interval (TNINT2 + 1) are in seconds.

4.29.4 Method

AOSTAD searches for initial horizon crossing (t 0) withint s + 15 minutes and

t s - 15 minutes, where t s = starting time. It computes t O by linear interpolation,

if necessary.

If the initial t is below the horizon, AOSTAD searches forward in 1 minute
s

intervals for 15 minutes and if t O has not been reached, it searches backwards
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from t for 15 minutes. If the capsuleis not yet abovethe horizon, AOSTADpro-s
ceeds to the error return.

If the initial t is abovethe horizon, or whenthe capsule crosses abovethes
horizon during a backwards search, AOSTADsearchesbackwardsuntil the initial
horizon crossing time is reached.

If the initial t is off theendof the re-entry table, a backward search is ini-s
tiated with t set at the last time in the re-entry table.

S

After calculating t 0, AOSTAD searches for the time at which the capsule is

1 ° above the horizon, computing t I by linear interpolation.

In using the re-entry table in the search for t O and tl, if any intermediate

calculated time is earlier than the start of the re-entry table, we switch to use
the orbit table. If the time is still out of the orbit table, AOSTAD proceeds to the
error return.

Having established that the capsule will come inview of the station, AOSTAD

tests the height of the capsule at the time of 1 ° (tl).

+ + Z12r 1 = _/Xl 2 Yl 2

If h 1> 450,000 feet, the following times of acquisition data are calculated:

t 2 = t 1 + A't

t 3 = t 2 + A't

t 4 = t 3 + h't

If h 1> 450,000 feet, the following calculations are made to get tl0, t30, and

t x. AOSTAD finds three values of range, P-I' Pl' and P2 at consecutive minute

intervals, satisfying the relations P-1 > PlPl < P2" Assuming a parabolic fit of p

as a function of t, AOSTAD computes the time of closest approach, tca, i.e., the
time at which range is a minimum.
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where t_l is thetime at which range is P-l"

The minimum horizontal distance M from the station to the capsule is given
by M =Pca cos Eca where Pca and Eca are the values of range andelevation,

respectively, at time tca.

tl0 , t30, tx are computedby the following formulas:

tl0 =tO+ (101.6 - .092millisecs)

t30= to+ (167.1- .09 millisecs)

t = t + At where At=10 sees.
X ca

Note: While searching for P-I' el' and P2' as of March, 1961, in the event that

the time exceeds the ending time of TNINT2, AOSTAD sets t equal to the lastx

time in TNINT2. Now that the recent modification of testing for h 1_< 450,000 feet

at t 1 has been added, this provision is unnecessary and may be eliminated from

AOSTAD if the modification proves successful.

Calculation of range P, and sin E

_," inertial longitude of station at time t = k" + .00437526905t
O

a)

b)

c)

Inertial position of station at time t,

Rx= (R s cos ¢') cosk

Ry=(R scos_'} sink

R z=(R s sine')

where ¢'= station geocentric latitude

R = radius of earth at station
S

N X= (cos _5) cosk

Ny= (cos ¢) sin k

N Z = (sin ¢)

where ¢ = station geodetic latitude
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d) P=_- Rwhere

= capsule inertial position

e) P= IPI

f) sin E = N.P/P

Note: Although UA1LSC computes R, A, E, and is included as a subroutine, an
alternate calculation of R and sin E is included in order to save computa-

tion time.

To determine whether to use the orbit integrationtable or the re-entry table

to obtain the inertial position vector of the capsule at some time tacq, the time

is compared with the time of the first even second after burnout (in location

MCESAB). If tacq< tBO the orbit table is used. If tacq_> tBO, the re-entry table
is used.

4.29.5

a) Calling Sequence

a TSX AOSTAD,4

a + 1 Error Return

a + 2 Normal return

b) Space Required--48810 locations excluding subroutines, constants, and
tables.

c) Error Codes--See Method, 4.31.4

Other error provisions are as follows:

1) If the range keeps increasing, i.e., if the capsule is getting further
away from the horizon, an error return to 1,4 is made.

2) If at any time an error return is received from one of the library
subroutines, AOSTAD checks to see if there is a good value stored

for either tl, tl0, t30, t x. If there is a least one good time, this is

outputted and the remaining locations of TMSTAD are set to zero.
If not, then an error return due to bad data is made to 1,4.

d) Tables: TMSTCH, TNINTI, TNINT2
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e) Constants

K00000

K00001

K00002

K00003

K00004

K00006

K00007

K00010

K00060

K001.0

K002.0

K003.0

K004.0

K000.5

K0060.

K045.4

KCH233

K0.1DG

K0. SIG

KMUYDS

K. MORB

K.RTER

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

DEC

OCT

DEC

DEC

DEC

DEC

DEC

0

1

2

3

4

6

7

10

60

1.0

2.0

3.0

4.0

.5

60.

.021504685 - 450,000 feet in Mercury units

23000000000

.0174532925 - 1 degree in radians

.01745241 - sin (1 degree)

6975224.19 - conversion factor - Mercury units

to yds.

.0033874 - difference in radius of earth at equa-

tor and at pole.

.00437526905 - earth rotational factor
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KDLTSC DEC 30 - A't

KD0060 PZE ,, 60

c) Erasable locations: The last locations are erasable

d) Communicationcells used: MCESAB

e) SuggestedRefinements:

Either new curve fits should be made to send the proper acquisition
data when the height of the capsule is _<450,000 feet at t, or there

should be a special indication to distinguish this kind of acquisition

data (30 seconds apart) from the normal way of calculating the data.

4.29.6 Checkout

All variations of the program were successfullytested. For details and hand

calculations an AOSTAD notebook is available atthe Goddard Space Flight Center.
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CALCULATE

LOC. OF STATION

CHARACTERISTIC

BLOCK

t

SET: I
AOSWl = O

i=1

A01

tj = ESTIM.
TIME OF HOR.

CROSSING

DETERMINE

ERROR J ERRORT/

_ERRO_R RET/ AOER1,4_
TSX

SET:

i=1

t.-1 = t.-IS MIN
I I

DETERMINE

WHICH

INTEGRATION

TABLE TO USE

FIND Pj -I AND 1
SINE i-I AT ti-1

USE AOCSR

WHICH
INTEGRATION

TABLE TO USE

_ERROR_

FIND Pj AND

SINE i AT t.
USE AOCSIR

AO2A

_ SET to, TIME

SINE J : O OF HORIZON

< CROSSING, = tj

i:15 _@

SET: Pi'I= Pi

SINEi. 1= SINE i

Ti. 1 = t i

UPDATE:

i=i+l

t i = t i + 1 MIN

SET i= I

t i = ti. 1

TSX AOER0,4

t

'_ SINEi 1 : O _SET

f

i:15

SET: Pi= Pi-1

SINE i = SINEi. 1

t i = ti° 1

UPDATE:

i=i+l

tit 1 = ti. 1 -:1 MIN

FIGURE 4-30. AOSTAD PROGRAM FLOW CHART (Sheet 1 of 6)
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___ SET:i : 1 T i=t i- 1 MIN

t> ERROR
/ COMPUTE: \RET f

/ E i = SIN'I (SIN Ei) \ _ ( ERROR

\El. 1 = SIN-1 (SIN Ei.1)/_RETUR N J

\ USINOARSIN/
t

INTERPOLATE FOR I

to= tj.1 +
Ei- Ei-1

WHERE A= Oo

t

Ei : 1o

<
A0_ _ I

SET: Pj-1 = Pi

SINEi. 1 = SINE i
ti. I = t i

t

J UPDATE:tj = t i + 1 MIN

t
DETERMINE WHICH

INTEG. TABLE
TO USE

t

CALCULATE _

Pi AND SINE i
AT t.

USE A0_SR

t

Pi : Pi'I

t

_-_ SINE i : 1° _@

t >
COMPUTE \

El= SIN'](SINEi ) _ An.

JJ-] = SIN'](SINE .1) / _vo)
USING ARS N / v

COMPUTE

ti = tj. 1 + A'Ei-1
E i - Ei. 1

WHERE A = I °

I"
CONVERT t I TO FIXED

PT. MIN AND SECS.

A09A

CALCULATE
r I AT t I

USING UINTP

t
CALCULATE

SET:

t i = t i

r i =VX12+ Y12+ Z12 hi

= r i - 1 + .0033874 (_.)2

!

H I : 450000 FT._

I

SET: i= I l
I

-T

CALC:

R i A i E i AT

t i USING
UA1LSC

t
STORE t i R i Ai E i

IN TMSTAD

t
i:4

t
UPDATE: i= i+ 1

ti = ti -i- _t

C

t
DETERMINE WHICH

INTEO. TABLE
TO USE

I
CALC.

r i AT t i

USING UINTP

I

I
I

FIGURE 4-30. AOSTAD PROGRAM FLOW CHART (Sheet 2 of 6)
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I SET: t. =

AO]O ! _

I DET. WHICH J
INTEG. TABLE

TO USE

t

COMPUTE
Pj+ I AT tj+1

USING AOCSR

A011 t

CALCULATE tea

b= 4Pj- Pj+I_ 3P.i.l
2

2,==Pj+I-2Pj+P_.1
b

tco=tj-1- -g2_
IN FLOATING
T. MINUTES)

t
DET. WHICH J

INTEG. TABLE
TO USE

t
J CONVERT tca TO I

FIXED PT. ix= tca+
10 SECONDS

SET: __1

P'-I = Pj
P_ Pj+I

-1 =tj=tj+l

UPDATE

'J++'= 'IM

COMPUTE \
Pc° AND SINEco \

AT tco USING /

AOCSR /

A012 t

,_ ERRO_

COS E_:a =

_/1 - SIN2 Eta
USING SQRT

t
M = I IN SECS

1A,3o=(167.i-.o9M)
Pco COS Eco J IN SECS

COMPUTE:
t10= tO+ At10

MINUTES

t30 = t o+ At30

J SET: jA0SW1 _ O

t
LAST TIME IN

TNINT2

= tco = t x

t

L DETERMINE
rco AT tco

FROM TNINT2

t
/ COMPUTE _ERROR

/Pco AND SINEc° _

\ AT,co / \ )
\ US,NOAOCSl/ v

FIGURE 4-30. AOSTAD PROGRAM FLOW CHART (Sheet 3 of 6)
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-!

I ET: i= 1

t
i.'4

¢

J CONVERTtipTO FIXED• TIME

A014

AOSWl : 0

J DET. WHICH
INTEG. TABLE

TO USE

t
DETERMINE WHICH J

INTEG. TABLE

TO USE

DETERMINE
r i AT t i

USING UINTP

DETERMINE

Ri Ai Ei AT
ti USING
UA1LSC

t

# i:1

i:4

RROR

SET UP CALLING
SEQ. FOR

UA LSC

E.:O

>

I CONVERTRi TO YDS

t
STORE t i R i A i E i

IN TMSTAD

t
i:4

t<
i= i+ 1

E30 : 0

<

I J STOREZEROS I
IN TMSTAD

FOR t30

I
FIGURE 4-30.

STORE ZEROS
IN TMSTAD

FOR t10 AND t30

AOSTAD PROGRAM FLOW CHART (Sheet 4 of 6)
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_ INPUT:

TIME IN MIN.
IN ADDR. SEC. IN
DECR. INTEG.
TABLE

I STORELOC.0_ i
OUTPUT BLOCK I

STORE TIME t + INTEG,I
TABLE FOR UINTP /

SAVE XR11 4 |

t " ERROR

/ USING U71NTP \1::

{ FIND POSITION _ A33 '_
\VECTOR r OF CAP- / K _J

I-
CONVERT TIME
TO FLOATING

PT. MINS.

t
COMPUTE:

X = _.ol +
.00437526905t

t

COMPUTE

SIN L, COS L

t
COMPUTE:

Rx = (RCOSO') COS L

Ry = (RCOSO') SIN L
Rz = R SINO"

COMPUTE
Nx = (COSO) COS L

Ny = (COS0) SIN L
Nz = SIN 0

SAVE XR1,4
STORE LOC. OF
OUTPUT BLOCK

I RESTORE XR1,4

INPUT:
TIME IN FIXED
PT. SEC.

I COMPUTEP=r-R

t
i

COMPUTE

SINE= N.p
P

"1 SINE I - \ '_"'" /
/RESTOREXR"I

FIGURE 4-30. AOSTAD PROGRAM FLOW CHART (Sheet 5 of 6)
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( I

TSX AOER0,4

AC= 17 I.E. IS
ENTRY TIME AT
END OF TABLE?

f YES

ARE WE USING
TNINT2?

tj = ENDING TIME
OF TNINT2

- 3 (TIME INTERVAL
OF TNINT2)

-i+16

TRA AOER2

ENTRY _ASSUMES

HERE _ GOOD t i

DET. ,NTEG. TABCE J

TO USE FOR t i J
|

AO26 I= ,)__J
ERROR.

DETERMINE _T
r", AT fi SX AOER1,

USING UINTP

,
\ f

J STORE t i RAE INTMSTAD

J._

J STORE ZEROS IN REMAIN- IING LOCS OF TMSTAD

FIGURE 4-30.

TSX AOER1,4

AC=I?I.E. IS -'NYES /_pono\

ENTRY _ RETi_;N I
TIME AT

END OF TABLE? J _ ......... /

ARE WE 'USING _ NO JrTNINT2? J

YES

J SWITCH TO ITNINT1

TRA AOER3

< >@
TRA AOER4

i:1

t
I STORE ZEROS IN RE-

MAINING LOCS OF TMSTAD

I

AOSTAD PROGRAM FLOW CHART (Sheet 6 of 6) 4-201
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4.30 CALCULATION OF HIGH SPEEDOUTPUT DATA PROGRAM {O50RMC}

The purpose of O50RMC is to calculate part of the high speedoutput to be
sent from Goddardto the Mercury Control Center displays for the orbit and re-
entry phases. The flow chart for O50RMCis shownin Figure 4-32.

4.30.1 Input Requirements

O50RMC uses the A3MSCP program and the following library routines:

U1SQRT,

U1ATAB

U3DOTP

U3XPRO

U7 INTP

U3VMAG

The input requirements to the 050RMC program are"

a) The S{AC} will be plus if in the Orbit phase and minus if in the re-
entry phase.

b) Location MCRTMS will contain the real time {GMT)with minutes in
the address and seconds in the decrement.

c) Location MCGTLO will contain the time of launch in fixed point sec-
onds, B-35.

d) Location TMSSEC will contain the time-to-fire-retrorockets in fixed
point seconds, B35.

e) Location TMORMC - 12 will contain the GMT of landing computed.

f) Location MCTOFS will contain time of retro setting in fixed point
seconds, B35.

4.30.2 Output Requirements

The output of the O50RMC program is 28-word table {Table 4-9) TMORMC.
In Table 4-9 time formats unless otherwise specified, are minutes in the address
and seconds in the decrement. Latitude formats are -_/2 to + _/2, sign position

is {+) for north and {-) for south. Longitudes are 0 to 2_. All latitudes and longi-
tudes are in floating point radian quantities.
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TABLE 4-9. TMORMC OUTPUT TABLE FORMAT Sheet 1 of 2)

Location Phase Description Format

TMORMC

+1

+2

+3

+4

+15

+16

+17

+21

+23

+24

0

R

0

R

0

R

0

R

0

R

Latitude of present position

Same

Longitude of present position

Same

Latitude of IP if retrofire in 30
seconds

Ignored

Longitude of IF if retrofire in 30
seconds

Ignored

Ground time remaining until retrofire
will occur (GTRS)

Ground time remaining until landing

O

R

O

R

O

R

Height of capsule

Same

Apogee height

Flight path angle

Floating point,
nautical miles

Present capsule setting (GMTRS)

Ground elapsed time since retrofire

Floating point,
nautical miles

Floating point,
radians

O

R

O

R

O

R

occurred

Inclination angle

Same

Inertial velocity

Same

Longitude of perigee

Ignored

Floating point,
radians

Floating point,
feet per second

Floating point,
radians
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TABLE 4-9. TMORMC OUTPUT TABLE FORMAT {Sheet2 of 2)

Location Phase Description Format

+25

+26

+27

+28

O

R

O

R

O

Ground elapsedtime since launch

Same

Eccentricity

Ignored

Predicted insertion height (a - R}

Fixed point
secondsB35

Floating point,
number

Floating point,
nautical miles

R Ignored

O r-R

R Same

Floating point,
nautical miles
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4.30.3 Method

If the mission is in the orbit phase then the following equations are used:

R =meanearth radius in Mercury units

r = [rl r - R

v = IvL

2
ecos E=rv - 1

r a-R
a= 1 - e cos E

r - v
e sin E = --

a

e = _/(e sin E) 2 + (e cos E) 2

B

Apogee height = a(1 + e) - R

I_xVl=v_

rxv
[_ x V[ -=(Rx' Ry, Rz)

sin i= _/R 2 2
+ R cos i = R 2x y

Inclination i = arc tan

_/R 2 +R 2

e > .OO3

sin E
E = arc tan --

cos E

M = E - e sin E

Time from present position to next position of perigee

2_ - M
Tpp - 3

m

2
a

T gives r, v, which is used to compute longitude of perigee
PP

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(i0)

(ii)

(12)

(13)

(14)
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If the mission is in re-entry phase then the following equations are used:

a) r= Irl v= Ivl

b) r - R R = means earth radius in Mercury Units

e) r-v

d) y = Flight path angle = arcsin r • v
rv

4.30.4 Usage

a) Calling Sequence

a TSX O50RMC, 4

a + 1 Normal Return

A plus S(AC) at time of transfer to O50RMC indicates orbit phase.

A minus S(AC) at time oftransfer to O50RMC indicates re-entry phase.

b) Space Required

29410 excluding subroutine and constants.

c) Error Codes

Error returns from library routines other than U7INTP and A3MSCP
return to the suffix MFORMC.

An error return from U7INTP checks to see if the time given the pro-
gram was prior to or later than the time of the table. If the time is

before the first time used for interpolation, the program goes to
MFORMC. If the time is later, the program uses the last good vector
in the table to calculate output.

d) Constants Used

KECR.T DEC .003 Test for e critical

KO01.O DEC 1.0

K00060 DEC 60
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e) Tables Used

TMSSEC PZE

TNINT1 BSS

TNINT2 EQU

TMORMC BSS

TNINT1 + 2200

36

Present capsule setting fixedpoint seconds B35

4000 Orbit table

Re-entry table

Output table

f) Monitor Communication Cells Used

MCRTMS PZE

MCTOFS PZE

MCGTLO PZE

g) Timing

Real time (A = min, D = sec)

GMTRS, fixed point, B35

Time of launch, fixed point, B35

Maximum excluding subroutine = 14 milliseconds

4.30.5 Checkout

Times were put into the O50RMC program as input and the desired times
were computed. They were then checked against hand calculations for correctness.

Height, latitude, and longitude, obtained from A3MSCP, were tested against
results from A2CSCP and compared favorably, but not exactly, due to different
methods of calculations in the two programs.

Equations listed in 4.32.3, Method (orbit and re-entry) were checked using
the Vanguard program EP-2 and results comparedto at least 5 significant digits.

G

9
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O50RMC

I STORE ACIN 05ACC

1
PRESENT TIME

TO FIXED
POINT SECONDS

P5PLS _ UINTP

/--/r AND v

VELOCITY

I;I IN
TMORMC + 23

U3DOT

/--)T V

t

1
e COS E =

rv2 -1

jra= 1- eCC)S E

I
I

/

/

/

e'

I

I

I

FIGURE 4- 31.

ERROR
RETURN

P5ERR

J
AC= 0

NO

FIND LAST
VECTOR IN

INTEGRATION
TABLE

I
•o

I

n

RE-ENTRY !

O5MIN
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Section 5

OUTPUT PROCESSORS

The Goddard output processors prepare data for transmissionto the control

centers, world-wide tracking sites, and to the Goddard plotboards during the
launch/abort, orbit, and re-entry phases of a Project Mercury mission. These

processors are divided into low and high speed outputs and are discussed in this
section.

5.1 LOW-SPEED OUTPUT PROGRAM (OOLSTY)

This program takes acquisition data generated by the AOSTAD program,
converts it to teletype format and stores it in 7090 memory for transmission to
the tracking sites as directed by Monitor. The flow chart for the OOLSTY pro-
gram is shown in Figure 5-1.

5.1.1 Input Requirements

The following subroutines are used with OOLSTY.

O1PACK - Packs teletype data in Goddard memory

O1TME_DGHR subroutine/ converts angular measure to

O1RAD _ [BCD degrees, or time measure to hours, minutes and seconds.

O1BCX } IBCD subroutine / converts fixed to floating data
/

\

O1BCF _to BCD format.

Subroutines OITME, OIRAD, O1BCX, and OIBCF are the same as subrou-

tines OOTIME, OOAGLE, OOBCDX, OOBCDF, but adapted for and used only in
OOLSTY.

The input to the OOLSTY program is derived from the following tables:

a) TMSTA_. A 16 location input block of the following formatis
provided:
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Location

TMSTAD

+1

+2

+3

+4

+5

+6

+7

+8

+9

+i0

+ii

+12

+13

+14

+15

5-2

Content s

Time (tl)

Range

Azimuth

Elevation

Time (tl0)

Range

Azimuth

Elevation

Time It30 )

Range

Azimuth

Elevation

Time (tx)

Range

Azimuth

Elevation

b) MCHFSC:

c) MNSCNO:

d) MCACQI:

Description

Time of 1 ° above horizon

Of t 1

Of t 1

Of t 1

Time of 10 ° above horizon

Of tl0

Of tl0

Of tl0

Time of 30 ° above horizon

Of t30

Of t30

Of t30

Time of closest approach
+ At(At is yet to be
defined).

Oft
X

Oft
X

Oft
X

Contains GMT of data to

point).

Format

Minutes in address, seconds
in the decrement

Floating point; yards

Floating point; radians

Floating point; radians

Minutes in address, seconds
in the decrement

Floating point - yards

Floating point - radians

Floating point - radians

Minutes in address, seconds
in the decrement

Floating point - yards

Floating point - radians

Floating point - radians

Minutes in address, seconds
in the decrement

Floating point - yards

Floating point - radians

Floating point - radians

be sent in half seconds (fixed

Equal total number of entries in Tables OITBA or OITBB

(fixed point).

A(MCACQ1) = Location of output (fixed point)
D(MCACQ1) = Integer which is the internal station number

(fixed point).
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The two columns (OITBA andOITBB) shownin Table 5-1 specify the site to
which the acquisition data is to be sent.Column O1TBA contains the teletype ad-
dress switching codesfor the station andColumn O1TBB contains the three let-
ter code that identifies the designatedradar site. The entries in eachcolumn are
stored in descendingorder according to the internal station number. Whenthere
are two radars at a site, there are two internal station numbers for that site.

The selection of the proper codesfrom these two columns is controlled by
the contents of the decrement of MCACQ1which contains the internal station
number of the site, e.g., CLA OITBA + MNSCNO,XRwhere, OITBA is the first
word in table, MNSCNOcontains total number of stations, XR contains the dec-
rement of MCACQ1.

5.1.2 Output Requirements

The output of OOLSTY is packed in the output block indicated in the control
word MCACQ1. The output consists of 31 words. Words 1-5 consist of: (1) A
three letter code indicating to which station the acquisition data should be sent;
(2) the GMT that the message was processed; {3) the information needed to posi-
tion the message on the page. Words 6-26 contain the acquisition data converted

to teletype format. Time is in GMT hours, minutes, and seconds. Range is in
thousandths of yards. Both azimuth and elevation are in degrees. Words 27-31
contain (1) the three letter station number code; {2) the GMT that the message
was processed; {3) an end of message indicationwhich is eight line feeds in suc-
cession. If the program tries to convert a floating point number greater than

234000000000, (238}10 in the BCD subroutine, question marks are printed out in

the output location of this number. This is also true if the program tries to con-

vert a fixed point number larger than eleven characters long, using either the
DGHR or the BCD subroutines. Neither case interrupts the normal flow of the

program.

5.1.3 usage

a) Calling Sequence

a TSX OOLSTY, 4
a + 1 Normal Return

b) Space Required

Instructions 196
Constants 46
Common 25
Tables 102
Subroutines 266

TOTAL 635

5-3



MC 105

TABLE 5-1. STATION IDENTIFICATION TABLES

Internal

Station

Number

36

35

34
33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Station

Grand Bahama

Cape Canaveral
Grand Turk

Corpus Christi

Guaymas, Mexico

Point Arguello
Hawaii

Canton

Woomera

Muchea

Indian Ocean Ship
Zanzibar

Keno

Grand Canary

Mid Atlantic Ship
Bermuda

San Salvador

Bermuda

Bermuda

Eglin

Eglin

Corpus Christi
White Sands

Guaymas, Mexi co

Point Arguello

Point Arguel Io
Hawaii

Hawaii

Woomora

Muchea

Grand Canary
Bermuda

Bermuda

San Salvador
Grand Bahama

Cape Canaveral

O1TBA

YC_YC_

YC_YC_

YC_YC_

YX_YX_

YF _YF

YQ _YQ

YD_YD_

YL _YL

YW _YW

YU _,YU _,

YI ,_YI J,

YZ _YZ

YK_YK_

YN _YN

YA_YA_

YB_YB_

YC_YC_

YB _YB
YB_YB_

YR_YR_

YR_YR_
YX_YX_

YE_YE_

YF_YF_

YQ_YQ_

YQ_YQ_

YD_YD_

YD_YD_

YW_YW_

YU_YU_

YN _YN

YB_YB_

YB_YB_

YC_YC_

YC _YC

YC_YC_

O1TBB

Z<_-GBI

Z<-=CNV

Z_--GTI

Z<=-TEX

Z<-_=GYM

7<- CAL

Z<-- HAW

Z<= CTN

_<-= WOM

Z<=-MUC

Z<---IOS

Z<=ZZB

Z<_KNO

Z<_--CYI

Z<._--ATS

Z<_--BDA

_<-= SSI

Z<- BDA

Z<- BDA

Z<_- EGL

Z<_--EGL

Z<_--TEX

Z<_--WHS

Z<- GYM

_<-= CAL

7<=--CAL

Z<_-HAW

Z<_--HAW

7<=--WOM

Z_=MUC

Z<- CYI

Z_-- BDA

Z_-- BDA

Z_-- SSI

Z<_--GBI

_<_=CNV

Refers to letters shift on teletype machine.

< Refers to carriage return.
_- Refers to line feed.
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c) Constants Used

d}

K00000 DEC 0
K00001 DEC 1
K00003 DEC 3
K00006 DEC 6
K00010 DEC 10
K00013 DEC 13
K00015 DEC 15
K00017 DEC 17
K00018 DEC 18
K00028 DEC 28
K00032 DEC 32
K00034 DEC 34
K00037 DEC 37

K00040 DEC 40

K00046 DEC 46

K00053 DEC 53

K00060 DEC 60

K00163 DEC 163

K00165 DEC 165

K00167 DEC 167

K00168 DEC 168

K15360 DEC 15360

K01.E3 DEC 1000.0

K0.MPR DEC 3437.7467707849

K.1RAD DEC 57.2957791
KCH233 OCT 233000000000

KCH234 OCT 234000000000

Timing

Timing required for OOLSTY is 402.794 msecs
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OOLSTY

INDEX
REGISTERS

LOCATION OF OUTPUT
SITE WHERE DATA IS TO BE
SENT,

OLSTA I

IN OUTPUT AREA

OLSTB
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GMT OF SENDING DATA
XR 2=4

OLSCD

_J PREPARE Ca,IT J
FOR CONVERSION

XR4=2

OLSTG

J INITIALIZE COLUMN COUNT J
FOR MAIN DATA TO BE

CONVERTED XRI = 16

OLSTH
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CARRIAGE IN-

SIDE O1PACK

OLSTV _

I READ IN TIME
& CONVERT TO BCD

USING O0 TIME

OLSTT 11

CONVERT HR,

MIN, SEC TO TTY
FORMAT AND PACK

USING O1PACK

FIGURE 5-1.
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COUNT FOR NEXT, TIME,
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I
READ IN RANGE

AND CONVERT TO
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CONVERT RANGE
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PACK USING O1PACK

READ IN AZIMUTH
AND CONVERT TO BCD

USING OOBCD
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PACK USING O1 PACK.

I

READ ELEVA-

TION AND CONVERT
TO BCD OOBCF
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<
_ <

PACK DATA TO
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)
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> f
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\
<
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WHICH INDICATE

END OF MESSAGE.

RESTORE INDEX JREGISTERS

FIGURE 5-1. OOLSTY PROGRAM FLOW CHART (Sheet 2 of 2)
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5.2 HIGH-SPEED OUTPUT PROGRAMS (OOLANA and OOORRE)

These programs convert a block of data to the proper output format and
ready it for transmission to the Mercury Control Center. OOLANA processes the
output data during the launch/abort phase while OOORRE processes it during the
orbit and re-entry phases. The following subroutines are usedwiththe high-
speed output programs:

BCD - converts a fixed or floating point number to its BCD equivalent

PACK - packs N bits into a block of sequential words (32 bits/word)

DGHR - converts angular or time measure to BCD degrees {or hours},
minutes, and seconds.

MBCD - converts up to 6 BCD characters to modified BCD characters.

PLOT - data preparation for Goddard plotboards

The detailed write ups for the above routines are included in Sections 5.3 to

5.7. The flow charts for OOLANA and OOORRE are shown in Figure 5-2 and 5-3.

5.2.1 Input Requirements

The input to OOLANA consists of a 30 location table called TMLANA (see

Table 5-2). Similarly, the input for OOORRE is TMORRE (see Table 5-3). The
word Time in the FORMAT column ofthetables means fixed point minutes in the

address and fixed point seconds inthe decrement. Also, the range on all latitudes
is -,/2 to+-/2 and the range on all longitudes is 0 to 2,.

In addition to the input blocks mentioned above, Monitor must provide a

proper sign in the accumulator upon each entrance to these programs. This sign
is used to indicate phase of operation. For OOLANA, a positive accumulator

means normal launch while a negative sign means abort. For OOORRE, a plus
indicates orbit and a minus sign indicates re-entry.

5.2.2 Output Requirements

The output of both OOLANA and OOORRE is a 13-location table TMOLAB,

containing coded information which is transmitted to the following displays at
the Mercury Control Center.

a) Wall maps

b) Strip chart

c) Plotboards
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d) Wall digital displays

e) Console digitaldisplays

The coded information contained in TMOLAB consists of a total of 408 bits

that indicate the values of various quantities to be displayed. Figure 5-4 (Shepts

1 through 5) illustrateseach of these quantities in their proper order of trans-
mission. The actual quantitiesto be displayed is dptermined by phase of opera-

tion and frame. There are two frames of information for each phase--odd and

even--which are transmitted alternately.

During the launch phase a frame is sent to the displays every .5 seconds.
During orbit a frame is sent every 6 seconds and during the abort and re-entry

phases a frame is sent every 3 seconds.

Generally, the bits in TMOLAB are coded as follows:

a) For the strip chart, wall map, and plotboards--Eachvalue is scaled to
a 10 bit quantity and zero offset according to the particular ranges of

each of these displays. If any oftheseranges is exceeded, then (1777) 8

or 0 is packed into TMOLAB in place of the offending value accord-

ingly as the maximum or minimum, respectively, is violated.

b) For the wall and console digitaldisplays--Each value is converted to
a modified BCD code. That is, a BCD code which reduces to a mini-

mum the number of bits necessary to represent any one digitposition

for each particular quantity. No check for values which may exceed

the maximum or minimum of the displays is made. Ifsuch a value

does occur, itis incorrectly coded and packed. Furthermore, the first

few bits immediately following this quantity in TMOLAB may also be

disturbed.

Table 5-4 contains the ranges and scale factors for the strip chart, wall

map, and plotboards. In addition, Table 5-5 contains the number of bits required
for each of the wall and console digital displays.

On the first pass through OOLANA a time mark (bit #401) is sent out to the
strip chart and plotboards. Thereafter, a time markis put out every 10 seconds.
If for some reason OOLANA is not entered at that time when a time mark is to

be put out it will be omitted altogether. Similarly, OOORRE puts out a time mark

every minute during orbit and every 10 seconds during re-entry.

The hold phase is indicated to OOLANA by means of a negative sign in the
TMLANA word containing orbit capability. At this time, OOLANA sends all zeros
to the four plotboards located at Cape Canaveral. In addition, each of the digital
displays on the Flight Dynamics Officer's Console are frozen with the exception
of the Orbit Capability and GO, NO-GO displays.
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257

BITS

298

BITS

BEFORE
SEPAR_

TION
ZEROES

BEFORE
SEPARA-

TION
ZEROES

BEFORE
SEPARA-
TION

__TOWER R.F

BEFORE
SEPARA-

TION

__TOWERR.F,

0

____F__

RECOVERY

AFTER
SEPARA-

TION

_5 MAX

AFTER
SEPARA-

TION

_. MAX

AFTER
SEPARA-

TION

soSEC

AFTER
SEPARA-

TION

_ SEC.

95pp

_'pp

REFINED
I.P.

A

REFINED
I.P.

m_Jlq

RECOVERY

AREA

R. F. IN
30 SEC.

R. F. IN
30 SEC.

RECOVERY

AREA

REFINED
I.P.

REFINED
I.P.

1 1 1 1 1

t"e

0

RECOVERY

AREA

P
L

O

T

B
O
A

R
D

(I

FIGURE 5-4. DISPLAY FORMAT OF TMOLAB CONTENTS (Street 4 of S)
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Y'YNOM

339 1

BITS

d

h

Y

V/V/r

380 1
BITS

0

(;

0

T.M.

0

408 C_

BITS

_mD

a-R

1

._ T a

1

0

0

1 1 11 1

Y

1 1

0 0

0 0

1 1 1 1

0 0 0 0

T.M. T.M. T.M. T.M. T.M. T.M. T.M.

FIGURE 5-4. DISPLAY FORMAT OF TMOLAB CONTENTS (Sheet 5 of 5)
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TABLE 5- 5. DISPLAYED QUANTITIES AND THEIR FORMAT

Quantity

Orbit Lifetime

nclination Angle (i)

Flight Path Angle (y)

Apogee Ht (ha)

Velocity Ratio (V/Vr)

Velocity (V)

Recovery Area

latitude of landing Point

Longitude of landing Point

Total

Number of

Bits

6

12

17

17

18

18

16

5

16

17

Pattern

24

444

14444

14444

24444

24444

4444

23

14434'

114434

Orbit Number

ICTRC

GMT of Landing

All Others

5 14

23 124134134

13 2434

20 243434

Display Range

0 to 39

0 to 99.9

-99.99 to +99.99

-999.9 to +999.9

0 to 3.9999

0 to 39999

0 to 999.9

-99.59 to +99.59

-199.59 to +199.59

0to 19

-39-59-59 to +39+59+59

0000 to 3959

000000 to 395959

Example

19

32. °1

-02.°16

+102.6 nautical miles

1.0013

24,362 ft/sec

102.4 nautical miles

-89.59

+179.59

02

-18 hrs +32 min -59 sec

18hrs 32min

18 hrs 32 min 10 sec
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OOLANA also sets up 48 bits in locations TMMRLP and TMMRLP + 1 which

are used to operate the Goddard plotboards. These plotboards can duplicate any
of the four plotboards located at Cape Canaveral (see OOPLOT).

5.2.3 Other Requirements

For OOLANA, Monitor cell MCCHSC is tested for zero. If it is, the longitu-
dinal range for plotboard 4 during re-entry is set the same as during launch. If

it is not zero, then the longitudinal range is set the same as during the orbit
phase (-135 ° to -45°). In OOLANA it is assumed MCPGMT contains present GMT

in fixed point seconds, scaled B35.

OOLANA and OOORRE have been programmed to be compiled independently.
Hence, many general symbolic locations have the same name and care should be
taken to avoid multiple defined symbols if they are compiled together.

5.2.4

a) Transfer Information

1) OOLANA--when the input block of data (TMLANA) is ready for con-
version to the output format, Monitor transfers to OOLANA. Return
is made to MFLANA.

2) OOORRE--Monitor transfers to OOORRE when TMORRE is ready
for conversion to the output format. Return is made to MFORRE.

b) Space Required

OOLANA

Instructions 437

Constants 55
Erasable 21

* Subroutines

PACK 73
BCD 101
DGHR 26
MBCD 29
PLOT 73
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**Tables 43

Ind. Add. 28
Other 15

Total 858

OOORRE

Instructions 365
Constants 40
Erasable 21

* Subroutine 276
**Tables

Ind. Add. 15
Other 6
Total 723

e) Timing--Running time for OOLANAor OOORREis approximately 50 to
100milliseconds

d} Checkout--OOLANAand OOORREhave beenoperational in theMercury
Program Systemsince Dec. 1, 1960.

e) Constants Used for OOLANA (The asterisk indicates those constants
used also by OOORRE).

K0. SF1 DEC 5861.358244
K0.SF2 DEC 12787.5

*K0. SF3 DEC 732.6697805
*K0.SF4 DEC 162.8155068
*K0. SF5 DEC 2442.232602
*K0.SF6 DEC 651.2620273

K0.5DG DEC .0872664626

K00.04 DEC .04
*K.40DG DEC .6981317008
*K00. PI DEC 3.141592654

*K. 12DG DEC -0.2094395102
*K.82DG DEC 1.431169987

K0130. DEC 130
K000.9 DEC 0.9
K0.1DG DEC 0.9174532925

*Subroutine count includes only instructions and tables, the constants, erasable

storage, etc., are accounted for elsewhere.
**Does not include TMOLAB or TMORRE
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K00003 DEC

KD0012 DEC
K00005 DEC

*KD0020 DEC

*KU1777 OCT
*K01023 DEC

KBB33 Z OCT
*KD0004 DEC
*KD2048 DEC
*KT0006 DEC
*KT0004 DEC

KBB23 Z OCT
KD1024 DEC

*K00256 DEC
*K00512 DEC
*K00001 DEC

K01024 DEC
KD0008 DEC

*K00010 DEC
*K. 30SC DEC

K00.71 DEC
*KKK2PI DEC
*K.1RAD DEC
*K0.MPR DEC
*K00000 PZE
*K00027 DEC
*K00060 DEC

K0060. DEC
*K15360 DEC
*KLLCW5 OCT
*KLLCW6 OCT
*KLLCW9 OCT
*KMNMSK OCT

KPDM31 OCT

KAZ16M OCT
*KCH233 OCT
*KTGMSK OCT
*K10000 OCT
*K13MK1 OCT
*K00377 OCT

In addition to the above
four constants:

3B35
3B15
5B35
5B15
233000001777
1023B35
200000000001
1B15
1B6
3B19
1B18
000400000001

IB7

1B27

1B26

1

1B25
1B14
10
0.1454441043 E-3
0.71
6.283185307
57.29577951
3437.746771
0
27
6O
60
15360
7400
4400
26400
777777777

7777777777
-377776777777
233000000000
700000
i0000

777777
377

marked constants, OOORRE uses the following

K.135D DEC 2.3561944902

K0.144 DEC 0.144

K0400. DEC 400.

K00600 DEC 600
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LAUNCH
ODD FRAME

NOTE:

This page is the
overall flow chart for
OOLANA. Each block

on this page is depicted
in detail on Sheets

2 through 11.

SHEET 2

CONVERT VALUES
FOR STRIP CHART

BITS 0 TO 42

SHEETS3 & 4

CONVERT LATS.& LONGS. FOR OUTPUT
TO WALL MAP-(LOGIC ALSO USED

FOR PLOT BOARD IV)

/j"

WALL MAP fJ PLOT BRD IV
BITS 43 TO 82 /,_,r_ BITS 257 TO 297

SHEET 5

CONVERT VARIOUS QUANTITIES
TO MODIFIED BCD CODE
FOR DIGITAL DISPLAYS

ABORT J ODD FRAME

! SHEET 6

J CONTINUE PROCESSING 1DATA FOR DIGITAL DISPLAYS

SHEET 7

--_I CONTINUE PROCESSING JDATA FOR DIGITAL DISPLAYS

SHEET 8

J CONTINUE PROCESSING 1DATA FOR DIGITAL DISPLAYS

SHEET 9

CONVERT VALUES
FOR PLOTBRDS.!
BIT 298 TO 379

11 SHEET 11

J PROCESS BITS380 TO 408

EVEN
FRAME

FIGURE 5- 2. OOLANA PROGRAM FLOW CHART (Sheet 1 of 13)
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(ABORT) -

SAVE ALL XR'S
AND SET LIM = 0

(LC- 2)= (AC)s

I

_. TEST (LC - 2)_ UNCH)
" T L1A_,

SET
XRI =3

MC 105

I SETXR2 = 2

SET
X = A-ZP

A = I*+ 2,2
ZP = I* +5,1

ST

SIGN OF X /
,+

SET SET # SS

I X = 0 X = X*SF

II ' i"DENORMALIZE"
X

TO B35

/ PA_K "X C X

× '_ x_--XR_-,r't. • J
20 BITS Y = X <Ix:el\ / 1,-t iEoT 1

/, i IX=2 X+YI
J J SET J > f |

HXRI=XRI-21_ XR]" 2
<

LlC

I SE, [X=D.S.+X

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet 2 of]3)

SF = I*+ 6,1

SETlX = K" 3

I
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®

<PACK>x22 BITS

!

SET
Y---0

SET
X = B-2#

I

SET
(LC- 1) = - (LC- 1)

(LC- 3) = +
XRI = 4

XR2 = 2

LID ;

I SETX = A- ZP

t
_. T_STSIGNOFX_

t+
X = X *SF -"

t

"DENORMALIZE"xTO B35 ,J

t
C. x.K3

I SETY = X

L1E l

C >"> B : #

× = B

SHEET 4

/
....J A = I* + 10, 1

/ ZP = I* + 14, 2

..""_ SF = I* + 15, 2

SET,IX = K 3

B = I*+ 11,1

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet 3 of 13)
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SET
X = 0

I
-(
I

SET
X = X-ZP

t
TEST

SIGN OF X

SET

X=X*SF

t
"DENORMALIZE"

X TO B35

t
X : K3

t"

j,

ZP = I* + 18, 2 I

,4-

SHEET 5

+

TEST(LC - 3)

XR1 : 0

SETXR1 = 0

SF = I* + 19,2 J

1
SET_> _ x --K"3

J I

SET

X=21° X+y

t L1F

PACK
X

20 BITS

TEST )(LC- 2)

I SETXR1 = XR1-2

()
SHEET 3

,L2C

XR1 • 2
J I

SHEET 9 SHEET 5

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet 4 of 13)
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? (ODD FRAME)

I -((&EsTI)) F "_ (L_ES--TI) )- _ L2D

{>DGHR DGHR

/ PACK \ EMERG. GTRS

K" l ) L2A ABORT

_ / ._<\ _R_\<_ / l 1
/ PACK \ STORAGE STORAGE

\"T_II j lSET SET

X = 23 X + K 2 X = 23 X + K I,,

28 BITS

I
L2B t

/ _o \

' t

( _ SETgo ,PACK

X
41 BITS

SHEET 7 SHEET 9

41 BITS

t

41 _ITS

PACKx23 BITS

t

EMERGABORT
ECTRC

SHEET 8

t

GMTLC

{Jco,
STORAGE?

Y = 2-7(x + K5)

____ TEST SIGN OF

0 EMERG. L. P.

Is xsS lSGN = 0 K6
X = E.L.P. = - E.L.R

I ,,= I

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet 5 of 13)
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?
<OG.R x

l

<MBCD STORAGE

I

J SET, ISGN = K 7
X = k E.L.P.

FIGURE 5-2.

SET

X = 214 [2 -7 X] + Y + SGN

<PAcKx30 BITS

X E.L.P. : _7

I
<oo.Rx

i ,

STORAGE

t
SET

X = 2 -7 X + SGN

SHEET 7

OOLANA PROGRAM FLOW CHART (Sheet 6 fo 13)

SET

SGN = K 7
X = 2_-_. E.L.P.
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SGN= K_. X=y

L

< PACK \

x 218 BITS

L2E

BCD 1

MBCD 1
MQ

t
SET JX + AB • REC

<
<
J $I = 2 2

t
( )-+ TEST SIGN OF 7

t
I CONVERT X TO DEGS I

t

t

< MBco}Mo
t

SET

SI=SI+218 (X+SGN)

t

<PACK>_I36 BITS

I

SET

SGN = K7

FIGURE 5-2. OOLANA PROGRAM FLOW CHART ('Sheet7 o[13)

-®
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+ TEST

(LC - 2)

CONVERT
i TO DEGS.

SET

$2= 0

L3D

I SET
X=REC. AREA

SET

Y1 = 223 X + K9

MC 105

I

BCD

i

SET

$2= X

BCD

V/V r

BCD

V

L3A

MBCD

MQ

SET

$2 = $2 + 218 X

SECO +

NO

Y, >
29 BITS /

+

SET

SGN = 0
X= T

TEST

(LC - 2)

-L3F

SET

XRI = 3

I

ST SIGN
OF T

SET

SGN = T1
X =-T

BCD

X

= TMLANA + 28,1" i

TI= 1"+26, 1

#
/

PACK

S2
36 BITS

PACK

K 8

27 BITS

TEST

(LC- 2)

SET
XRI = XRI - I

L3C

XR1 = 4

YNOM =

SET

y = 212 + X + SGN

<
XR1 : 1

ETTING Y - YNOM = ZP7J

WILL CAUSE O/P I
OF THIS QUANTITY |

TO BE ZERO J

PACK

X
29 BITS

N_Q (Y)

SET

X= X +Y I

L3B

SET

XRI = 2

SET
XR2 = 0

LC - 3/= - SHEET 3

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet 8 of 13)
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<PAcKKll

31 BITS

t

t
I S_T ITSF = 6.82

TSF+ 1= 1.705
I

!

(_,/,-_,

,4A =i _

i_T_sTx),+i SF : I*+ 23,1 i

'_.1' SET X = X * SF

I
t

X TO B35

!
I

l sETx:%
I

L4B

t

X: K3 )

SHEET 10

t
I SET ITSF 17.05

TSF + 1 = 17.05
I

_°ST(LC3_+ IL'F
_C 1 <x.2)

I II IXR2 = XR2- 1 SET
X = X + 2'0y

PACK

X
20 BITS

I

SHEET 10

5-34

PACK
S 1

36 BITS

BCD
locl

OC IS ORBIT

L4G I CAPABILITY I

//I

MBCD }
MQ

J SET JX = 212 X + S2

l

<PCK>x36 BITS

t

{PAcK}Ks67 BITS

L4H '_

Kll

41 BITS

PACK }

KI I

41 BITS

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet 9 o[13)

<PA K>Y,69 BITS

SHEET 11
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L_4D _ '

J REMOVE 1
CHARACTER.

ISTIC FROM X

XR2 : 1
J l

I IXR2= XR2- 1

L4C _

I _ I"''!

®
J = (,i+2), 2 J

SET
XR1 =- 3

x = (r-_)

l

T=TMLANA + 22J

SET

{LC.3) = +

XR2 = 2

C TEST
(LC-2) ,,,/

t +
I SET I
! X = V/Vr-ZP8 I

t

t - L41

SET X=V/V R-.19 J

L4E _'

SET
XR1 = 3

X =7

x_ : -
= V/V r _- .04

I

J(j

I S_ SET (j+ 1)=X
X = T

FIGURE 5- 2.

×_E_2J
+ 1)=7- zP91

(
r

SHEET 9

OOLAHA PROGRAM FLOW CHART (Skeet 10 of ]3)
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INITIALLY TMK = 0

K24 = 10

TMK : 0

SET
TMK = GMT+KI4

X= 13

GMT : TMK _ ;_

J SETTMK= TMK+K14

t
GMT > TMK?

I1
J SETX=0

)

SET
X=X+K11

t

I SET BITS

63-82 (WALL MAP)
EQUAL TO PRESENT

POSITION (BITS #
43-62)

I PACK

X
22 BITS

RESTORE ABORT l

RECOh_4ENDATION
IN TMOLAB, IF _'_
IN ODD FRAME,

SO IT ISN'T FROZEN

TEST (LC-2)+((LAUNCH)

I

>
)

<PLOT>DO LOCAL
GODDARD
PLOTTERS

L43

l SET J

BIT #83 EQUAL TO
DATA SOURCE

(AZUZA OR FPSI6)

t L4K

l RESTORE JALL XRS

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet 11 of 13)
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GENERAL CONSTANTS
FOR OOLANA

NAME PROGRAMSYMBOL VALUE

K 1 K00003 DEC

K"1 KD0012 DEC

K2 K00005 DEC

K"2 KD0020 DEC

K3 KU1777 OCT

K"3 K01023 DEC

K4 KBB33Z OCT

K5 KD0004 DEC

K6 KD2048 DEC

K7 KT0006 DEC

K"7 KT0004 DEC

K8 KBB23Z OCT

K9 KD1024 DEC

K10 K00256 DEC

K'10 K00512 DEC

Kll K00001 DEC

K12 K01024 DEC

K13 KD0008 DEC

K14 K00010 DEC

- KD0060 DEC

3B35

3B15

5B35

5B15

233000001777

1023B35

200000000001

1B15

1B6

3B19

1B18

000400000001

1B7

1B27

1B26

1B35

1B25

1B14

10B35

60B17

LOGICAL CHOICES

LC-1 = +

LC-1 = -

LC-2 = +

LC-2 = -

LC-3 = +

LC-3 = -

EVEN FRAME

ODD FRAME

LAUNCH

ABORT

WALl MAP OR
PLOT BOARD I

PLOT BOARDIV OR
PLOT BOARDII

FIGURE 5-2. OOLANA PROGRAM FLOW CHART (Sheet .12of 13)
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INDIRECT ADDRESSES

(1")

LOC. ADD, T

I TMLANA + 3, 1

+ 1 TMLANA + 4, 1

+ 2 ZP1

+ 3 SF1

+ 4 ZP2

+ 5 SF2

+ 6 TMLANA + 5

+ 7 TMLANA + 6

+ 8 TMLANA+11

+ 9 TMLANA + 12

+10 TMI_ANA + 7

+11 TMLANA + 8

+12 ZP3

+13 SF3

+14 ZP5

+15 SF5

+16 ZP4

+17 SF4

+18 ZP6

+19 SF6

+20 TSF + 7, 2

+21 TSF + 5, 2

+22 TSF + 3, 2

+23 KI0

+24 KI0

+25 KI0

+26 TSF + 9, 2

+27 TSF + 1I, 2

LOC.

TSF

+1

+2

+3

+4

+5

+6

+7

+8

+9

+10

TABLE OF SCALE FACTORS

(TSF)

ASSOCIATED

QUANTITY
VALUE

**VALUE PUT IN

TABLE BY PROG.h

**VALUE PUT IN
d TABLE BY PROG.

Y'Ynom 6.82

V/Vr (> .9) 6820.0

Y (V/Vr > .9) 19537.86801

> .19
V/V r _-<_.9) 682.0

> .19
Y (V/V;<_. 9) 976.8930407

_/ .0341

r-R 5.1150

V/Vr (<. 19) 6820.0

cS(V/V r <. 19)

ZPNS AND SFNS

DISPLAY N ASSOCIATED SCALE FACTORS PROGRAM ZERO POINTS ;PROGRAMI
QUANTITY (SFN) SYMBOl. ( Zp H ) SYMBOL

S.C. 1 Y - YNOM 861.358244 K0.SF1 -.0872664626 RAD K0.5DG

S.C. 2 V/Vr'V/VrNOM 12787.5 K0.SF2 -.04 K00.04

W.M. 3 ¢I.P.,¢P.P. 732.6697805 K0.SF3 -.6981317008 RAD K.40DG

W.M. 4 _'l.P.. _'P-P. 162.8155068 K0.SF4 -3.141592654 RAD K00.PI

PB IV 5 ¢l.p.-¢p.p. 2442.232602 K0.SF5 +.2094395102 RAD K.12DG

PB IV 6 _I.P., _'P.P. 651.2620273 K0.SF6 - 1.431169987 RAD K.82DG

PB II 7 Y - YNOM - - - 130.0 N'M" K0130.

PB I 8 V/Vr - - + .9 K000.9

PB I 9 y - - -.0174532925 K0. IDG

1563.028865

ZPN IN
DEGRdES

-5 °

_40 °
- 180 °

+12 °

-82 °

_1 o

FIGURE 5.2. OOLANA PROGRAM FLOW CHART (Sheet 13 of 13)
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SHEETS2AND3

ICONVERT LATS.&LONGS. FOR OUTPUT
ODD I TO WALL MAP- (LOGIC ALSO USED

J FOR PLOTBOARD4)
I WALL MAP // PLOTBRD 4

FRAME j BITS 43 TO 82 /BITS 257 TO297,

REENTRY

SHEETS4 AND S

CONVERT VARIOUS QUANTITIES

TO MODIFIED BCD CODE

FOR DIGITAL DISPLAYS

EVEN FRAME

ORBIT

EVEN

FRAME

SHEETS 6 AND 7

CONVERT VARIOUS QUANTITIES

TO MODIFIED BDC CODE

FOR DIGITAL DISPLAYS

r

r SHEET 8

CONTINUE PROCESSING

DATA FOR

DIGITAL DISPLAYS

1_ SHEETS 9 AND 10

CONVERT VALUES

FOR PLO T I_0ARDS
BITS 289 TO 379

t SHEET 11

PROCESS

BITS

380 to 408

FIGURE 5-3. OOORRE PROGRAM FLOW CHART (Sheet 1 of 13)
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J A = TMORRE + 4,1ZP = E*+ 4,2

SF = E* + 5,2

SET

X= K"3

J SETX= B-2rr

5-40

I
"t

SAVE ALL
XRs AND

SET LIM = 0
(LC-2) = (AC)s

PACK 1
ZEROES

20 BITS

t
SET

(LC-3) = +

XR2 = 4

_'_ RIA
SET

XRI = 4
JL_

SET IX=A-ZP

t

"... _ TESTS.O.)-OFX

X = X* SF

t
"DENORMALIZE"

X

TO B3S

!
l-- _C x:K3 )

t __

R1B _% s _..-"

>C B:rr

SHEET 3

FIGURE 5-3. OOORRE PROGRAM FLOW CHART (Sheet 2 o[]3)

SET

Y=0

B = TMORRE + 5,1

!
SET

X=B

®
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SET !X = 0

SET
X =X-ZP

TEST SIGN OF X

+

SET
X=X*SF

I
/

I

ZP=E*+8, 2 I

SF=E*+9,2 I

SET
XR1 - XR1 - 2

SET

X=21X+K11

PACK

X
21 BITS

X TO B35

X : K3

_<

R1C

×=210X+Y

R1E

SET

UC- 1) =-0-C- 1)

(L¢

SET

X = K3

R1D

I SETX=X+K2

TEST (LC - 3)

+
1)

R1F

TEST (LC - 2)

PACK PACK

X X
21 BITS 63 BITS

+

R1G

PACK

X

23 BITS

SHEET 2 SHEET 4 SHEET 7 SHEET 6

FIGURE 5-3. OOORRE PROGRAM FLOW CHART (Sheet 3 of 13)

PAC_

X
21 BITS

SHEET 9
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DGHR
T

f

MBCD
STORAGE

SET

Y = 2 2 X + Kll

T=TMORRE+4

t

ORBIT NO.

/ MBCD i_ _°

SET IX = 222 X + Y

f

PACK /

X

27 BITS

GMTLC

t

STORAGE

SET

Y=2 .7 (X+ K5)

SET
SGN = 0

X = _L.p.

SET

SGN = K7

X = 2rr-_L.p.

1
+( TEST SIGN OF_) L.P. )-

<OGHRix
f

<MBc°/STORAGE

1

J SET Ix;21,r2-7xl+Y+SGN
t

30 BITS

f
>( ,,.p.., )-_

__I__

<OOMR>x
t

<MBc°1STORAGE

SET

SGN = K6

X =- _L.p.

SET

SGN = K "7

X = _'L.P.

SET

Y = 2-7 X + SGN

SHEET 5

5-42 FIGURE 5-3. OOORRE PROGRAM FLOW CHART (Sheet 4 of 13)
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T

iBcolr-

I :°l
t

I SET JX=218X+Y

t
I PAxCK \

36 BITS /_

= TMORRE + 16_, I

SET ISGN = K7"

I

Y1 = X + SGN

R2F

BCD
ha

(PZE 1)

CONVERT i TO J

DEGREES J

'I s -ri t
X - T I SET I

EST S N OF 1 _' (LC-21

!

SGN = K7 I
X=-X I

+ _TEST (LC-2)_ -

SET

I

A

/R2GM}cD \

!

CONVERT

y TO
DEGREES

t

i BCD
Y

(PZE 2)

I

I SET IX=212X+y

I

FIGURE 5-3 O00RRE PROGRAM FLOW CHART (Sheet 5 o[13)

SHEET 8
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R2A

/
/
/

SE"

XRI = XRI-2

SET

XRI = 6

DGHR

T

t
MBCD

STORAGE

t
PACK

X

20 BITS

t
DGHR

T

t
MBCD

STORAGE

t
SET

X= X+K 5

PACK

X

21 BITS

t
XRI :2

I

>
>

>

T= TMORRE+11, I

T= TMORRE+12,1

>
<

SHEET 7

FIGURE 5 -3. OOORRE PROGRAM FLOW CHART (Sheet 6 of 13)
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+

SET

SGN = 0

X=T

<ooHR}GMTRS

I PACK

GMTRS

20 BITS /

t
×Rl=3

R2Bf - |

_TEST SIGN OF T_ -_

I
T= TMORRE + 21, 1 J

I

_v

I
I T I=E*+ 15, 1

SET

SGN = T 1
X=-T

J SET Jj
XRI= XRI- I _-

R2D

MC 105

BCD

X

t X=21 X+KII

> t N< 21 BITS

( XRI:Ij t

MBCDMQ [ YSET= 0 1

SET

Y = X

SHEET 8

FIGURE 5-3. OOORRE PROGRAM FLOW CHART ('Sheet 7o[]3)
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R2c
SET

X = REC. AREA

SET

X=223X+y

PAcKx28 BITS

I

v (
(_cc.sc o )_

t =

I xS_T_°"H

t
SET

X = ZP6

t
TEST

(LC - 2)

_1 +

3
SET

PB4 _. RANGE = X

f

I SET(LC- 3) =- XR2 = 2

SHEET 2

R3A
SET

X = 218 X + Y1

f

PACKx /36 BITS

f

BCDv /

f

MBCD /
MQ

I PACK 1
18 BITS

I PACK 1
Kll

26 BITS

I

)

FIGURE 5-3. OOORREPROGRAM FLOW CHART (Sheet 8 of 13)
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A=kp-_

Q I

i
SETY = 0

XRI = 4

t

I SET

XR2 = 2

B = t e FLOATED,
;

l
<P,C,>ZEROES

20 BITS

tt

l ,
A=X +_ ESTSIGNOF

_t, r t+
R3E _1 tt SET I I_ (TEST SIGN OF SF=SFT+2 - X=t e,sF

t + t
J I X=A*SFSET t_t SF=E,+ 12, 1J,- -DENORx_LIZE,, I

TO B35 J
I

"oE.o_,,zE"I
TOB35I II

t
(xK3) >

_<

SET iY = X

_1

_) SHEET 10

SET

X = K3"

SET

X = K3" I

<

SET

SI = X

R3C I _

I SETX = K S

FIGURE 5-3. OOORRE PROGRAM FLOW CHART (Sheet 9 of 13)

l
SET

SI = 0
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R3H

SET
A = _- ZP11

B=(a-R)-ZP12

SF = E* + 13, 1 _\

R3F,
C_,=°_

t
\J_ SET IX= B *SF

i
"DENOI_ALIZE"J

TO B 35 J

SET J_X= K"3

I

j
SET

XR2 = XR2- 1

t
SET

S1 = X
X = 210X + Y

t
XR1 : 3 --_<

J

t
X : K3 ._

R3G _ -<

XR2 : 1

l
J SETX=O

SHEET 9

._<

R31 1

X = 210X + Y + K_i

R3J _ :

PACK
X

21 BITS

t
f-_ ×R,.2 )

I XRI = -XRI 2

1 tSET

Y=S 1

B=H

XR2 = 2

SET

A=(r-R)

B=V

FIGURE 5-3. OOORRE PROGRAM FLOW CHART (Sheet 10 of 13)
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+

R31

SET Z = 10m

R3K

- TEST (LC-2)

KMT

<

:( )Z:I m

I SET Z = 1m I

I

R32

SET X = 0 SET IKMT = r e + Z
X= K5

I R3L

PACKx 1
28 BITS

RLM

PLOT /

DO LOCAL
GODDARD

PLOTS

I
FIGURE 5-3. OOORRE PROGRAM FLOW CHART (Sheet 11 of 13)
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LOC.

E

+1

+2

+3

+4

+5

+6

+7

+8

+9

+10
m

+11

+12
m

+13

+14

INDIRECT ADDRESSES
(E*)

ADD, T

ZP3

SF3

ZP5

SF5

ZP4

SF4

ZP6 or ZP6"

SF6

SFT+2,2

SFT+4,2

SFT+6,2

SFT+5,2

KlO

K10"

K10"

LOC.

SFT

+1

+2

+3

+4

+5

SCALE ,FACTOR TABLE
(SFT)

ASSOCIATED
VALUE

QUANTITY

81.40775337
p

3552.083333

te .0568333333

h, a - R 1.705

V .0341

r _ R 5.1150

DISPLAY

W.M.

W.M.

PB IV

PB IV

PB III

PB II

N

3

4

5

6

11

12

ASSOC IAT ED
QUANTITY

ZPNS AND SFNS

SCALE FACTORS

( SFN)

732.6697805

162.8155068

2442.232602

PROGRAM
SYMBOL

I

K0.SF3

KO.SF4

ZERO POINTS

(ZPN)

-.6981317008 RAD

- 3.141592654 RAD

+ .2094395102 RADKO.SF5

)L 651.2620273 K0.SF6 - 2.356194490 RAD

- - -.144

a- R - - -400 NM

PROGRAM :PN IN
SYMBOL DEGS.

K.40DG -40 °

K00. PI -180 °

K. 12DG L+12°

K.135D -135 °

K0.144 -

K0400. -

FIGURE 5-3.

=K.82DG (-82 ° ) = ZPB"
KI135D (-135) = ZP6

OOORREPROGRAM FLOW CHART (Sheet 12 of 13)

>k
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NAME

K3

%

K5

K6

K7

K"7

KI0

K'I0

K11

K15

GENERAL CONSTANTS

PROGRAM
SYMBOL VALUE

KD0020 DEC 5B15

KU1777 OCT 233000001777

K01023 DEC 1023B35

KD0004 DEC 1B15

KD2048 DEC 1B6

KT0006 DEC 3B19

KT0004 DEC 1B18

K00256 DEC 1B27

K00512 DEC 1B26

K00001 DEC 1B35

K00060 DEC 60B35

LOGICAL CHOICES

LC-I=+ EVEN FRAME

LC-I=- ODD FRAME

LC-2= + ORBIT

LC-2=- REENTRY

WALL MAPLC-3=+

LC-3=- PLOT BOARD IV

FIGURE 5-3. OOORRE PROGRAM FLOW CHART _heet!3 _13)
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5.3 BINARY CODED DECIMAL CONVERSION PROGRAM (BCD)

This program converts a positive fixed or floating point number to its BCD
equivalent, inserting a BCD decimal point if desired. The flow chart for the BCD
program is shown in Figure 5-5.

5.3.1 Input Requirements

a) Place the number tobeconvertedinthe accumulator if it is in floating-
point form. If a fixed point number, place it in the accumulator and
MQ scaled B35.

b) No number can be converted into more than 11 BCD decimal digits.
(If a decimal point is to be inserted, then no more than 10 decimal
digits.)

c) No floating point number which has a characteristic greater than 2338
can be converted with this subroutine.

d) All numbers to be converted must be positive.

5.3.2 Output Requirements

The converted number appears in the accumulator and MQ as follows:

Bits 6 through 35 of the accumulator and bits S, 1, through 35 of the MQ
contain the BCD number with that digit which is D* places to the right of
the decimal point occupying the low order 6 bits of the MQ. Bits P, 1,
through 5 of the accumulator will contain abinary number equal to D + Z*

+ X where X is the number of digits in the integral portion of the answer.
If D =X = 0, then this number will be 1 + Z.

5.3.3 usage

a) Calling Sequence

Floating Point Input

a TSX OOBCDF, 4
a + 1 PZE Z,,D

a + 2 (NORMAL RETURN)

where D = The number of decimal digits to the right of the decimal
point to be converted to BCD. The program will round the
converted number to D decimal places.

*D and Z are defined in the calling sequence.
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Z-- The decimal point indicator

Z= 1 if a BCD decimal point is to be inserted in the answer

Z= 0 if no decimal point is desired.

Fixed point input

a TSX OOBCDX, 4

a +1 PZE Z,,D

a +2 (NORMAL RETURN)

b) Space Required

Instructions and tables

Erasable storage
Constants

Total

c) Timing

105 to 468 machine cycles

(1.26 msec. to 5.62 msec.)

i01

7
5

113
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CONVERT NO. TO A B35

FIXED POINT NUMBER

I SET
j=j-1
i = i+ 6

t

Is

F"!%6
F F+36

I I+ 6

I I'+ 6

_ISAVE ALL XR'S I

t

SET THE I
4 BUFFER

WORDS TO 0

t

I ROUND I
ACCORDING

TO D

t

I SET

FRC=C(MQ)[ FRACTION]

INT =C(AC)[INTEGER]

t
t--_ D:o _=

I SETB=FIj =D I

I

A I"
I SETX = FRC * 10

t

INTEGRAL PART X-'*BUF. B-i JFRACTIONAL PART OF X -_ FRCJ

j:l

B = F" i : 0

BUFFERS

5J6 11 J12 29
p

F+ 30 _, F+

F+ 30 .... _ F+ 6

I+ ._. I
12 +36

• i p

1+12 '_ +36J

B =1i

i Ij= D

SHEET
2

FIGURE 5-5. BCD ROUTINE FLOW CHART (Sheet l o[2)
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E

SET Ij=j+1

=(j:o

INSERT A
DEC. PT. IN

BUF. I + 36

F t

i Ij=j+1

PLACE THE
CONVERTED
NUMBERIN

THE AC.
AND MQ.

f

I _"°_B'TSIJ -_I OF THEAC.

G t

RESTORExR,sALLI

INT : 0

INSERT A
DEC. PT. IN

BU F. I + 36

1
SET

i = i- 6

1
SET

B = I

i = 36

C

SET
INT

X =

10

t
REMAINDER OF X -_ BUF. B + i

QUOTIENT OF X _ INT

i

SET
B= I"

i =36

SET

j=j+1

t
= _ INT : 0

t _
_C i : 6

FIGURE 5-5. BCD ROUTINE FLOW CHART (Sheet 2 of 2)
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5.4 PACKING ROUTINE (PACK)

This routine packs N number of bits (32 bits per word) located in the accu-

mulator into a block of sequential words. The flow chart for OOPACK is shown

in Figure 5-6.

5.4.1 Input Requirements

The bits to be packed must be placed in the low-order end of the accumula-

tor. The number of bits,N, to bepacked on any one pass is indicated in the call-

ing sequence and must be of the following magnitude:

¢ -<N-< X where X = 408 minus the number of bits already packed intothe

output block.

If N exceeds 35, the logical accumulator is packed and thereafter zeros are

packed until N is satisfied.

5.4.2 Output Requirements

After 408 bits are packed, the packed bits will appear in the 32 low order

positions of 13 sequential words starting at location TMOLAB. The order of

packing is from the low order end to the high order end of each word and from
TMOLAB to TMOLAB + 12.

To initiatethe packing of a new output block, location PALIM must be set to

zero. This must be controlled by the main program.

5.4.4usage

a) Calling Sequence

a TSX OOPACK,4
a +1 PZE N

a + 2 (RETURN)

where N = the number of bits to be packed.

b) Space Required

*Instructions and tables 60

Erasable storage 1

Tot al 61

*Includes 13 locations for TMOLAB.
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Timing

50 to 76machine cycles

(600microseconds to 812 microseconds) (Basedon N_<32)
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SET
Y=N

SAVE XR1

SET
BCT = WCT =

TCT = 0

LIM = 400

r

LIM : 0

SAVE XR'S 2 & 4

t
SET

XRI = WCT
NCT = BCT ÷ Y

)
AA

NCT : 32

SET
NCT = NCT-32

T

AQ:

N

y

TMOL AB, 1

AC AND MQ CON-
SIDERED AS 1 WORD
FOR SHI FTING
PURPOSES.

NO. OF BITS IN AC
TO BE PACKED.

COMMON

/
I

AQ

LGR Y

NCT= XR2

C (MQ) = T
C (AC) : BITS

TO BE PACKED

BCT = XR4
C (MQ) : T

C (AC) : BITS
TO BE PACKED

AQ

LGR 32-BCT

/
/

/

Sheet 2

CC

Sheet 2

FIGURE 5-6. OOPACK ROUTINE FLOW CHART ('Sheet I of 2.)
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5-60

MQ

RQL 32

SET INCT=NCT-32

AQ

LGR 32

SET

XR1 = XR1- 1

SET

T = C(MQ)

NCT : 32

I TCT = I
XR4I J

"'t

PLACE BITS
IN LO END OF

AC INTO HO
END OF MQ

SET
XR1 = XR1 - 1

SET

T= C(MQ)
TCT = TCT + Y

<

SAVE
BCT = NCT

WCT
TCT

BB
RESTORExR,SALL I

FIGURE 5-6. OOPACK ROUTINE FLOW CHART (Sheet 2 of 2)
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5.5 TIME MEASURE TO BCD DEGREES CONVERSION PROGRAM (DGHR)

This program converts angular or time measureto BCD degrees (or hours),

minutes, and seconds. The flow chart for DGHR is shown in Figure 5-7.

5.5.1 Input Requirements

This program uses the BCD routine. The following information serves as

input to the DGHR program:

Angle--The number to be converted, A, must be floatingpoint radians

(O -<A<_.) and be located inthe MQ upon entrance.

Time_--The word to be converted must be placed in the accumulator upon

entrance and be of the following format:

Seconds in the decrement.

Minutes in the address.

5.5.2 Output Requirements

The output of DGHR is as follows:

BCD seconds in the low-order end of OOSEC.

BCD minutes in the low-order end of OOMIN.

BCD degrees (or hours) in the low-order end of OOHRD.

5.5.3 Usage

a) Calling Sequence

Angular Input

Time Input

b)

TSX OOAGLE, 4

(NORMAL RETURN)

TSX 00TIME, 4

(NORMAL RETURN)

Space Required (Not including BCD)

Instructions 26

Erasable storage 1
Constants 4

Total 31
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c) Timing

40 to 88 machine cycles, not including BCD.

355 to 709 machine cycles, including BCD. (4.26 ms to 8.51 ms)
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J CONVERT
RADIANS
TO MINS.

I

I SET

Y = INTEGRAL
PORTION OF

MINS. (B35)

VDP Y BY
60 (B27) WITH

COUNT = 8 PUTS:

1. DEGS (OR HRS)
IN MQ- (B35)

2. MINS (S59)
IN AC-(B27)

sETJ X = FRACTIONAL
"JPORTION OF MINS.
J CONVERTED TO

l SECS. (B35)

CONVERT Y
TO DEGREES

(OR HRS.)
AND MINS.

SET
Y = C (MQ)

X = 2"7C (AC)

SAVE jXR4

SET 1
O0 SEC= BCD SECS.]

BCD

X

SET
Y = MINS.
X = SECS.

(B35)

FIGURE 5.7.

SET JOOMIN = BCD MINS

t

SET JO0 HRD =BCDY

t

I RESTOREXR4

@
DGHR ROUTINE FLOW CHART
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5.6 BCD TO MODIFIED BCD CONVERSION PROGRAM (MBCD)

This program converts up to 6 BCDcharactersto modified BCD characters.

5.6.1 Input and Output Requirements

Locations "OOHRD", c'OOMIN", and "OOSEC" must be defined by the main

program.

If the BCD word to be modified is in the MQ, then the following modification
takes place. The first two bits of each character are eliminated. Hence, the mod-
ified BCD word consists of at most 24 bits. Upon return from the subroutine,
these 24 bits occupy the low-order endof the accumulator. All other bit positions
of the accumulator are zero.

When the BCD characters to be modified are in locations "OOHRD",

_'OOMIN", and "OOSEC" (the output of DGHR), the subroutine will modify the
low-order 13 bits of "OOHRD" and the low-order 12 bits of the other two. All

other bit positions in these locations must be zero.

Hence, the input should be as follows:

OOHRD

23124 2913o 351

OOMIN _ " ¢ JM23JM22JM211M16J_15JM141M13JM12JMllJ

OOSEC k_ _

The following 23 bit result will appear in the low order end of the accumu-
lator:
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5.6.2 Usage

a) Calling Sequence

MQ Modification

a TSX OOMODQ, 4

a + 1 (RETURN)

Storage Modification

a TSX OOMODS, 4

a + 1 (RETURN)

b) Space Required: 29 locations

c) Timing

1) MODQ--14 Machine cycles (336 us)

2) MODS--15 Machine cycles (360 us)
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5.7 DATA PREPARATION FOR GODDARD PLOTBOARDS {PLOT)

This subroutine packs coded bits for transmission to the Goddard plotboards.

By proper setting of the console panel keys, any of the four Mercury Control
Center plotboards can be duplicated on the Goddardplotboard. The flow chart for
PLOT is shown in Figure 5-8.

5.7.1 Input Requirements

The PLOT routine examines the tag of the console panel keys for an indica-
tion as to what should be plotted. Thefollowing numbers in the tag have the indi-
cated effect.

0 - A ¢ causes the arms to remain fixed on the plotboards in their present
position.

1. - causes the duplication of plotboard 1 at Cape Canaveral

2. - causes the duplication of plotboard 2 at Cape Canaveral

3. - during Orbit, causes the duplication of plotboard 3 at Cape Canaveral
During the other phases, zeros are sent to both arms.

4. - causes the duplication of plotboard 4 at Cape Canaveral

5, 6, or 7. - puts both arms on standby.

5.7.2 Output Requirements

According to the tag, PLOT taps off the proper bits in TMOLAB and stores
them for output in the two location block, TMMRLP. The format of TMMRLP is
as follows:

The low-order 10 bits consist of the "Y" component for the right arm.
These bits are the same as those sent to the Mercury Control Center.

The next 10 low-order bits of TMMRLP is the "X" component for the
right arm. Following are 20 bits for the components of the left arm. The
final 8 bits are the control word.

S 34 5 6 15 16 25 26 35

7//,/_ X1 Y L 10BITS X R 10BITS Y R 10BITS

CONTROL WORD X L ------m-

Above is the complete format for the 48 bit output. The format of the 8 bit
control word is as follows:
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+ IR1 L 1

I I

LI: 01 = Lift Top pen (color 1) of left arm
10 = Lift bottom pen (color 2) of left arm
11 = Lift both pens of left arm

RI: Same as Llexcept for the right arm.

L2:1 = Left arm on standby

R2:1 = Right arm on standby

$1, $2: Spares

It should be noted that a standby command overrides all other bit controls.

5.7.3 Usage

a) Calling Sequence:

a TSX PLOT, 4
a + 1 Return

b) Space Required:

Instructions 69

Erasable storage 1
Constants 8

Tables 4

Total 82

5-68



MC 105

C
I

X : PPB _ =

PUT ALL I
4 PENS

UP

I

TRANSFER
AND PROCESS

BITS FOR
PLOT BOARD X

i
i
I
(

I

FIGURE 5-8.

SET
X = TAG

SAVE
XR4

SET
MCPLOT = X

X:O

!

PUT I PEN J
PER ARM IDOWN

SET JPPB = X

X:4 -_

>

1
PUT BOTH

ARMSON
STAND BY

RESTORExR4 I

PLOT ROUTINE FLOW CHART
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